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Botanical sketches in Chapter Two have been produced by the author
The following abbreviations have been used within the text
CAMBA China-Australia Migratory Bird Agreement
dS/m deci-Siemens per metre. The SI unit of Electrical Conductivity
EC1:5 electrical conductivity of a soil suspension mixed with water at a ratio of 1:5
ECe electrical conductivity of the ‘saturated paste extract’. (See page 12)
ISTA International Seed Testing Association
JAMBA Japan-Australia Migratory Bird Agreement
MLNP Myall Lakes National Park
MPt Mayer’s Point
NPWS National Parks and Wildlife Service
Ner Neranie
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PBI Plant Breeding Institute
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RBG Royal Botanic Gardens
SID Seed Information Database
TTC 2,3,5 Triphenyltetrazolium Chloride
WL West Legges
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Glossary of Botanical Terms
Anther – the pollen producing part of a stamen, typically divided into lobes containing
sporangia
Calyx or corolla parts – of a flower, the primary sterile appendage of a floral
receptacle made up of sepals
Calyx tube – of a flower, a tube formed from the bases of sepals
Cohort – a group with shared features
Corymb – a raceme with flowers borne at the same level
Cotyledons – the lateral storage and absorbing, leaf-like organ of a mature embryo
which, at germination, may become photosynthetic and closely resemble or function
as a normal leaf
Cyme - more or less flat-topped cluster of flowers in which the central or terminal
flower opens first
Dehiscent – splitting open when mature
Filament – of a stamen, the sterile support of an anther
Genera – of classification, a category above level of species but below level of family
Hermaphrodite –of a flower, bisexual, both male and female parts equally functional
Hypocotyl – of an embryo or seedling, the part of the axis marking the transition of
root and stem development
Imbibition - the act of imbibing or consuming liquids
Infructescence – a cluster of fruits derived from an inflorescence
Locule – a cavity formed by partitioning within a structure, e.g. an ovary, fruit or
anther
Panicle compound raceme
Raceme – type of indefinite or racemose inflorescence, where the main axis increases
in length by growth at tip. The main axis bears stalked flowers
Sepals – the leaf – like unit of a calyx
Spike – similar to a raceme but with sessile flowers
Sporangiate – having a cell or structure within which spores are produced.
Versatile – of an anther when attached to a filament at a point , free movement is
possible about this point
xiv
Summary
The Broad–leaved Paperbark (Melaleuca quinquenervia) is one of the most distinctive
native trees of the east coast of Australia north of Sydney. It is renowned for its
aesthetic appeal with spreading crown and white papery bark and its various
traditional uses, by both native aboriginals and early settlers. Its natural habitat is
restricted to low lying coastal wetland areas, most of which are under threat from
coastal development, and other areas such as the Myall Lakes which are protected
under the NSW National Parks legislation.
This thesis examines the key requirements of and influences on recruitment of this
species in a very narrow, lake-fringe forest habitat, within the Myall Lakes National
Park. Species growing in such long, thin environments are likely to have very specific
requirements for regeneration and the obvious edge effect of such a zone increases
the risk of biodiversity loss. In some of these areas, the paperbarks appear to be
under threat of succession by the fast growing Swamp She-Oak (Casuarina glauca),
with which they are associated. Hence the fringing forest is a very specialized zone,
and, with a high proportion of paperbarks being very old, up to 300 years, and the
number of juveniles observed very low, recruitment appears to be very infrequent.
The main processes of recruitment, as determined by a generalised model, of seed
production, seed dispersal, germination and seedling establishment, were
investigated in order to understand the requirements of this species and how best to
ensure its continued survival within the lake fringe forest.
The first experimental chapter investigates the trees capacity to produce seeds. Seed
input was found to be more than adequate after viability was found to range from 5
to 26%, with younger trees being at the higher end of the scale. Low viability was
found to be adequately compensated for by very large spreading canopies with aerial
seed banks storing from 250,000 to 120 million seeds per tree. One study found the
viable seed bank reserve to equal about 2.6 years supply, guaranteeing ample supply
to cover several failed seasons.
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Quantification of seed fall for this species is previously unreported in Australia. In
this study, seed rain was quantified using traps installed at sites spread throughout
the Fringing Forest. Data was obtained over a 12 month period, which indicated
continuous seedfall throughout the year with the peak fall, ranging from
approximately 2000 to 5000 viable seeds per m2, occurring during the summer
months.
Examination of the soil seedbank found it plays an insignificant role with very low
numbers of viable seeds found to persist in the soil. A seed burial longevity
experiment showed seed survival in temporarily inundated soil was unaffected for 6
months but viability declined to 36% after 12 months. However, the depth of
planting experiment showed seeds prefer to be on the surface of the soil as
emergence was severely reduced from a depth of 5mm.
The requirement for light for the germination of the Melaleuca quinquenervia seed is
demonstrated conclusively in this study. This light requirement restricts germination
in the field to seed at the surface or very shallow depths in the soil.
A laboratory temperature optimisation germination experiment confirmed that
germination is likely to coincide with the peak seed fall of the summer months. Of
the various temperatures tested, the alternating night / day temperature of 18/33°C
was found to be the most effective for germination and a good equivalent to summer
temperatures at the Myall Lakes. Thermal time in degree hours was used to
calculate the number of consecutive, typical summer days required for the majority
of viable seeds (85%) to germinate. This was estimated to be between 4 and 9 days.
Threshold temperature was determined to be 10°C.
This study also examined factors that limit germination in the fringing forest
environment. The field germination experiment using deliberately sown seed
resulted in very little or no germination within the fringing forest zone. The small
amount of germination that did occur was in January with no seedlings surviving to
the next month thought to be due to desiccation.
A desiccation experiment showed the extremely sensitive nature of this very small
seed / seedling, with close to 100% mortality caused by desiccation post-
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germination. This experiment emphasised the importance of continuous moisture
supply throughout the germination period. An interruption can be tolerated within
the first few days of water uptake, prior to radicle protrusion, but no later. This has
significant implications for the optimum germination microsite.
Physical and chemical impediments were also considered possible limits to
germination and emergence. In a glasshouse trial, Paperbark litter and seagrass
debris was found to physically prevent seedling emergence, and Casuarina litter
caused a slight reduction. Casuarina leachate was found to have an inhibitory effect
on Paperbark seedling germination reducing final germination by about 10%.
Paperbark leachate had no significant effect.
The Myall Lakes system is made up of three inter-connecting fresh, brackish and
saline waterbodies with constantly changing salinity levels. Hence it was highly
relevant to determine the ability of M. quinquenervia to germinate under saline
conditions. Laboratory germination tests showed M. quinquenervia seeds have a
high tolerance to salinity with levels up to 10 deci Siemens per metre (dS/m) having
no significant affect on germination percentage. At 15dS/m germination percentage
was significantly reduced to 84% of viable seeds and at 25dS/m it was drastically
reduced to 6.4% of viable seeds. While some tolerance to salinity was evident, the
importance of fresh water for germination was indicated by a decrease in
germination rate at levels higher than 5dS/m.
During January and February, in both 2006 and 2007, drought conditions, causing all-
time low lake levels, provided the optimum conditions for germination. Warm
temperatures and a moist surface provided by the exposed lake foreshore resulted in
extensive bands of natural germination in front of the fringing forest zone. This is
presumably a seasonal occurrence likely to occur each summer provided lake levels
are low and the sandy lake shore is exposed.
Subsequent seedling growth was able to be observed and the survival and mortality
of several natural seedling populations was recorded from March 2006 using
permanent quadrats. Complete (100%) mortality of the naturally occurring seedlings
was observed by July 2006 at all monitored sites except for Neranie Sands where 25%
survival of seedlings was recorded over 12 months.
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Of the sites examined, Neranie Sands was considered the most favourable site for
establishment due to (i) extensive sand flats which are permanently moist, (ii) lower
lake salinity levels, (iii) a level of protection of the young seedlings by sedge
vegetation from wave action and debris, and (iv) shelter from prevailing winds during
the germination period.
The main factors causing death of seedlings at the remaining lake foreshore sites
were (i) destructive wave action and inundation from rising lake levels, (ii) the effects
of salinity, from both inundation and salt spray, and (iii) complete burial of seedlings
under strandlines of washed up seagrasses.
Seedling establishment across the fringing forest zone was also examined via a
seedling transplant experiment. The highest zone of mortality was found to be the
first 6 metres from the water’s edge due to the combined effects of salinity and
inundation and further study of M. quinquenervia’s ability to recover from inundation
is warranted.
Shallow rocky soil profiles were also found to be unsuitable due to lack of subsoil
moisture during periods of low rainfall and in many cases when combined with insect
attack and herbivory eventually resulted in death. Survival further inland was
dependent on the ability to tap into the underlying fresh water table often present in
the remnant dunes backing the lake fringe. This would need to be taken into account
when considering any deliberate plantings within the fringing forest.
In conclusion, this study has shown that the fringing forest Paperbarks at the Myall
Lakes have specific needs for recruitment, not all of which are available at the right
time. Hence previous suggestions of recruitment being episodic are confirmed. A
model developed for Paperbark recruitment within the fringing forest is provided in
the general discussion.
Germination appears to be seasonal, but highly dependent on the provision of a
moist, preferably fresh microsite, which is best provided by exposed sandy lake-
shores rather than further inland within the fringing forest zone. The seedling
establishment stage has been shown to be the most limiting process in the
recruitment cycle with no survival in most sites examined. This suggests only a very
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rare set of circumstances may allow seedlings to survive at these sites, such as
drought causing low lake levels for an extended period. Seedlings that are not
protected during the establishment phase are vulnerable to the forces of the lake,
the climate, salinity and human activities even in an area protected by National Park
Status where other threats such as foreshore development are not present. Hence,
protection of the foreshore areas where young seedlings are most likely to establish
is paramount in order to protect the integrity of the fringing forest, as this study has
shown that the chance of seedlings surviving to become juvenile trees is very slim.
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Chapter 1 General Introduction
In Australia, the Broad-leaved Paperbark tree (Melaleuca quinquenervia (Cav.) S.T.
Blake) occurs naturally from Botany Bay in Sydney to near Rockhampton in
Queensland, beyond which it extends more sparsely to the tip of Cape York (Figure
2-11). Though considered one of the more widespread coastal trees, it has a narrow,
strip-like distribution limited to within 40km of the East coast.
Within New South Wales, the Myall Lakes is the only extensive coastal lake system
with a relatively intact lake-fringe forest of Broad-Leaved Paperbarks. It is one of the
few lake systems which is relatively unaffected by the pressures of coastal
population growth and agricultural activities. The lake shore fringing forest has been
clearly distinguished by Myerscough and Carolin (1986) from the swamp forest
which also contains the Broad-leaved Paperbark. The fringing forest Paperbarks are
highly appreciated by park visitors for their aesthetic value. The distinctive white
papery bark and broad-spreading canopies provide a picturesque setting on the lakes
edge that well and truly defines this area from others. The Paperbarks also play an
important role in the forest ecosystem, providing habitat for terrestrial birds and
animals as well as aquatic species that shelter within their extensive root systems.
At the Myall Lakes National Park the majority of camping and recreation areas are
located within the fringing forest and numerous studies have been undertaken of
potentially hazardous trees, including the Paperbarks, which have to be managed
appropriately in order to balance conservation with provision of safe environments
for park visitors. These studies have confirmed reports of the lake-fringe Paperbark
forest being dominated by mature to senescent trees, with very few juveniles or
saplings observed. This led to a report by Martin (2002) who recommended further
research and monitoring of this limited vegetation community in order to ensure its
effective management and conservation.
Based on previous observations of this area and its vegetation reported by Osborne
& Robertson (1939), Myerscough and Carolin (1986) and Martin (2002), it is almost
certain that recruitment of the Broad-leaved Paperbarks is, like many forest species,
General Introduction
2
episodic. Until this study, however, there have been no reports of recruitment
events ever being witnessed on the fringes of the Myall lakes.
Proper management of such forest populations is important as they are likely to
have quite specific requirements for regeneration but in order for this to occur, one
firstly has to understand the processes that define reproductive success.
This study aims to explore the key processes involved in regeneration of M.
quinquenervia within the fringing forest of the Myall Lakes and, without tackling the
entire topic of forest ecology and conservation, the author has chosen to focus on
seed ecology, germination and seedling establishment. Through a combination of
scientific research and field observations, the aim is to determine the contributing
factors that are most likely to limit these processes. It is hoped that information
gathered will be of use to those responsible for management of this area.
The observed lack of recruitment raises the questions of whether there are already
existing limitations to regeneration of the Paperbarks. Research into the processes
of seed production, including seed viability and seed rain, and seed dispersal and
longevity (Chapter 4), is required in order to indicate whether there is sufficient seed
input into the environment in order for the germination process to proceed. This
needs to be followed by detailed studies of the optimum conditions required for
germination (Chapter 5) and whether these conditions are provided by the
environment in question (Chapter 6). It is also essential to investigate the ability of
seedlings to establish in the fringing forest zone by introducing seedlings into the
area (Chapter 7.1). Unanticipated opportune natural germination events were also
observed for more than one year to determine their fate (Chapter 7.2).
To date there have been few studies done on the Broad-leaved Paperbark within
Australia. Most studies have been performed in the United States of America where
this species is considered a noxious weed, and efforts are concentrated on its
removal from the Florida Everglades. Hence the need for conservation based
research into this species which, having a coastal wetland habitat, is under increasing
pressure from urban sprawl and coastal development.
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Chapter 2 Review of Literature
Basic systematics.
Classification:
The broad-leaved Paperbark, Melaleuca quinquenervia belongs to the Myrtaceae
family, commonly called the Myrtle family which contains about 147 genera and
probably over 3000 species worldwide. There are 75 genera native to Australia of
which 55 are endemic (Johnson and Briggs 1983). In all there are about 1400
Australian species (Harden 2002).
There are two subfamilies of Myrtaceae, Leptospermoideae and Myrtoideae.
Myrtoideae has most of its members in America and only a few in Australia (Wrigley
and Fagg 1993). Within Leptospermoideae, Melaleuca is the largest genus of the
Leptospermum alliance. The Leptospermum alliance is primarily Australian, with one
genus in New Caledonia (Johnson and Briggs 1983). Within this alliance Melaeluca is
in the Melaleuca sub-alliance. Melaleuca is the second largest genus in the
Myrtaceae family , Eucalyptus being the first (Wrigley and Fagg 1993).
Wrigley and Fagg wrote in 1993 that, at the time of writing, there were 169
recognised Melaleuca species, 27 subspecies, 8 varieties, 2 formas and 1 natural
hybrid. One undescribed species is noted as endangered. A more current figure, is
215 species in Australia and 220 in the world (Harden 2002; Mabberley 1997).
In view of treatment in the Flora of Australia and other publications, Melaleuca has
undergone thorough revision which has lead to descriptions of several new taxa and
combinations of Melaleuca species, along with new combinations transferred from
the Callistemon genus, as well as Metrosideros (Craven 2006; Craven and Barlow
1997; Craven and Dawson 1998; Craven and Lepschi 1999). Callistemon (Bottle-
brush) is very closely related to Melaleuca. The presence or absence of a ‘pre-
staminal bulge’ on the floral promordia and consequent bundling of the stamens, is a
feature used to distinguish one genera from the other, however it has been found
that there are several taxa with intermediate morphology (Orlovich et al. 1999) and
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hence the continued separate recognition of the two genera is under scrutiny. It is
currently proposed that the two be placed in the same genus (Craven 2006).
Originally the Australian taxon currently known as M. quinquenervia was treated by
systematists as a form within the broadly defined M. leucadendron of Linnaeus
which by 1920, had come to incorporate all the Australian forms and allied forms
extending all the way to India via Indonesia, New Guinea and also New Caledonia.
In 1958 Queensland Government Botanist Stanley Blake published the name
Melaleuca quinquenervia as the preferred name for eastern Australia’s coastal
Broad-leaved Paperbark tree. In 1968 Blake produced the publication “A Revision of
Melaleuca leucadendron and its Allies” in order to solve some of the confusion. He
produced botanical keys which allowed clear subdivision of the widespread M.
leucadendron complex (the Broad-leaved paperbarks) into ten related species to
include M. quinquenervia, M. dealbata, M. leucadendra and M. viridiflora to name a
few.
Description of family Myrtaceae:
The Myrtaceae family was named in 1789 after the Western Asian plant Myrtus
communis, the myrtle. All members of Myrtaceae are woody shrubs or trees with
leaves containing oil glands. Leaves are alternate or opposite, rarely in whorls. Adult
foliage is often distinct from juvenile foliage and leaves are always entire, that is, not
toothed or lobed.
Myrtaceae flower arrangement varies: rarely solitary, usually aggregated in cymes,
spikes, corymbs, panicle or heads (Watson and Dallwitz 1992 onwards). Individual
flowers are mostly symmetrical and mostly hermaphrodite (have male and female
parts) with floral parts arising from the calyx tube. Each flower usually has 5 calyx
lobes and 5 petals.
Stamens are mostly numerous and often conspicuous and attractive. There is one
Style with one pin-head shaped stigma. Anthers are tetrasporangiate (4 spore cases)
in all Myrtaceae (except for the genus Corynanthera which has 3 spore cases
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(Beardsell et al. 1993)). The ovary may be inferior or superior, having 1 – 10 locules
(compartments), commonly 5 (Wrigley and Fagg 1993).
Fruit may be a capsule, berry, drupe or nut (Watson & Dallwitz 1992). The basic
chromosome number for Myrtaceae is n=11 (Johnson and Briggs 1983).
Description of the genus Melaleuca
Commonly known as Paperbarks, each species is described, for example, Broad-
leaved Paperbark, Swamp Paperbark. Smaller shrubby species are known as Honey
Myrtles and each species is also given an added description (Holliday 2004; Wrigley
and Fagg 1993).
The Melaleuca genus consists of woody shrubs and trees. The bark is often papery
and may be hard and furrowed or scaly. The leaves are very variable, always entire,
may be opposite, alternate or rarely whorled as in Figure 2-10. Leaf size and shape
varies from scale-like to more than 10cm long, with one to many longitudinal veins
(Wrigley and Fagg 1993). Variations to venation are possible, with pinnate venation
not uncommon, e.g. Melaleuca hypericifolia and an intermediate longitudinal
pinnate condition, e.g. M. elliptica and M. groveana (Craven 2006).
Flowers are terminal or axillary spikes, heads, clusters or racemes. They are mostly
hermaphrodite. The stem often continues vegetative growth before flowering
finishes. Flowers are in groups of 1 to 3 and colour varies from white to creams to
yellows, pinks, mauves and reds. Sepals are 5 or rarely obsolete (Craven and Lepschi
1999). There are 5 petals which are usually inconspicuous, instead the most
characteristic feature is the numerous and prominent stamens (Figure 2-1 and 2-2).
They are joined to form 5 staminal bundles (claws) opposite each petal (Figure 2-6),
a characteristic shared with the genus Tristania also in Myrtaceae. Traditionally, this
trait distinguished the Melaleuca spp. from the similar looking Callistemon spp.
which generally have ungrouped stamens. However, it has since been reported that
5 grouped staminal bundles occur in some Callistemon species (noted by several
authors cited by Craven 2006).
The anthers are versatile (free to move around point of attachment) and joined to
the filament in the centre (Figure 2-3). Anthers have four parallel lobes
Review of Literature
6
(sporangium), which split longitudinally (Figure 2-4). As a result pollen grains are
shed through slits located between the 2 anther locule chambers on each side of the
anther (Davis (1968) as quoted by Beardsell et al. 1993)
Figure 2-1 Longitudinal section of Melaleuca
quinquenervia flower
Figure 2-2 M. quinquenervia staminal ring
.
Figure 2-3 Anther of Melaleuca quinquenervia Figure 2-4 Cross section of M. quinquenervia
anther
The ovary is inferior and enclosed in the calyx tube. It is 3-locular with each locule
containing numerous ovules (Figure 2-5). The mature fruit is a capsule, often woody
and containing numerous linear seeds.
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Figure 2-5 Top view of mature Melaleuca
quinquenervia capsule showing arrangement of
seeds
Figure 2-6 M. quinquenervia floral diagram
Description of species Melaleuca quinquenervia
Common names: Belbowrie (Goodacre 1958), Broad-leaved Paperbark, Broad-leaved
tea tree, paper bark tea tree, Cajeput, Kayu Putih, Mao-Holzrose, melaleuca, niaouli,
punk tree (USDA 2007).
Various different heights are reported for this tree. Beadle et al. (1982) reports
heights of up to 10m as do Carolyn and Tindale (1994). Boland et al. (1994) notes
that trees can grow to 25m high, though they report 8 to 12m is common and
Wrigley and Fagg (1993) also agree the tree grows up to 25m though report dwarf
forms are found on poor soil. Ten to 15 metres is reported in Harden (2002).
Found on the coast in swamps and lake margins, it usually flowers in autumn and
winter (Beadle et al. 1982). The tree is covered with distinctive papery bark which
has a multilayered structure of thin, non-fibrous sheets; fine scale-like flakes and
creamy powder; and layers of dark brown coarse, brittle (phloem) fibres (Chiang and
Wang 1984).
It is often confused with Callistemon salignus (Willow bottlebrush) which has similar
papery bark, but these two can be easily distinguished. C. salignus leaves have only
one central vein and new foliage is bright pinkish-red as opposed to M.
quinquenervia which commonly has five veins (Botanical – Latin: quinque (five)
nervis (nerved)) and has silvery new foliage.
Review of Literature
8
The wood is durable both in the water and in the ground. Density is 725-800kg/m3
and it contains 0.2 to 0.95% silica, which readily blunts saws (Boland et al. 1994).
Commonly used as house stumps and fence posts, it is a valued timber for boat
builders (N. Hocking pers.comm.)
Leaves of M. quinquenervia are more than 30mm long, 2-15mm wide, and lanceolate
to elliptic in shape.
Flower spikes are borne terminally (Boland et al. 1994; Meskimen 1962) as a growth
flush at the end of the twig (Figure 2-9). This gradually extends with the formation
of numerous flower buds, each one protected by a bract which dries, turns brown
and is shed as the flower buds increase in size. Eventually the inflorescence bud
extends fully in length, revealing the bottle-brush shaped flower spike which can be
solitary or in groups of two to three (Figure 2-7).
Flower spike lengths are variable with Boland (1994) reporting 4 to 8.5cm long and
2.5 to 3.5cm wide and Beadle (1982) reporting 2 to 5cm long. Meskimen (1962)
reports even longer flower spikes in Florida at 4 to 10.4cm.
Figure 2-7 Melaleuca quinquenervia flower spike
and developing capsules
Figure 2-8 Melaleuca quinquenervia capsules
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Figure 2-9 Longitudinal section of M.
quinquenervia apical inflorescence bud
Figure 2-10 Phyllotaxis of M. quinquenervia:
arrangement of leaves in order of growth
around the stem
Flowers are usually cream or whitish cream in colour, rarely greenish or reddish
(Boland et al. 1994). Stamens are 8-12mm long and numerous (Meskimen (1962)
reports 30 to 40) and gathered in five bundles, though the claw scarcely exceeds the
sepals. They are densely flowered (Boland et al. 1994), density being 3 flowers per
cm (Rayamajhi et al. 2002) equating to roughly 25 flowers per spike (inflorescence).
The capsule is about 5mm in diameter (Figure 2-8) and the aperture is scarcely
constricted.
Range and habitat
The Myrtaceae family belongs mostly to the southern hemisphere, mainly in
Australia and tropical America, but also in the Mediterranean, Southeast Asia, Africa
and the pacific (Wrigley and Fagg 1993).
Over 50 of the 70 to 80 genera of the subfamily Leptospermoideae are represented
in Australia, most of which are endemic, the others are mainly found in the western
Pacific or South East Asia. The Leptospermum alliance is widely distributed in
Australia, mostly on infertile soils, especially the sand plains of Western Australia,
commonly in heath, riverine and swamp communities (Wrigley and Fagg 1993).
Outside Australia, Melaleuca has 7 endemic species in New Caledonia, 5 of which
were previously placed in Callistemon (Craven and Dawson 1998) and one endemic
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species occurs in Lord Howe Island, M. howeana (Craven and Lepschi 1999). Within
Australia, it is a very widespread genus with the highest number of species existing in
south-west Western Australia. These western species live in a variety of habitats:
swamps, heaths and woodlands in sandy soils, laterite or granite rock. The more
colourful shrub species inhabit well-drained sand in low heath or shrubland. There
are also many eastern species many of which are associated with areas subject to
inundation such as swamps and river flats and tropical species in the monsoon
woodlands of northern and northeastern Australia (Craven and Lepschi 1999).
Smaller species are found in wet heaths (Wrigley and Fagg 1993). The allied group of
broad-leaved Melaleucas, (the Melaleuca leucadendra species group) are prominent
in swampy lowlands in the tropics and sub-tropics (Johnson and Briggs 1983).
Melaleuca quinquenervia itself grows mainly along the east coast of Australia,
between latitudes 11°S and 34°S (Figure 2-11). This is from Sydney, NSW, to Cape
York in Queensland. It is also found in Southern New Guinea and adjacent parts of
Indonesia and also in New Caledonia (Boland et al. 1994; Jacobs and Pickard 1981).
This species is found within about 40km of the coastline between 0 and 100 metres
above sea level and occasionally up to 165m. It grows in a climate ranging from
warm sub-humid and humid below the tropic of Capricorn and north of this it
extends into the hot humid zone.
Mean maximum temperatures are 26 to 32°C in the hottest month and 4.5 to 21°C in
the coldest month. The southern end of the coast experiences 1 to 5 heavy frosts a
year a few kilometres inland. The mean annual rainfall is 900 to 1250mm (Boland et
al. 1994).
The species community is particularly widespread on the north coast of New South
Wales and south-east Queensland. However, current urban development and
agricultural activities have resulted in extensive areas being cleared of Paperbarks
(Griffith et al. 2000).
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Figure 2-11 Distribution of Melaleuca quinquenervia within Australia (adapted from Boland et al.
1994)
Soils
Melaleucas inhabit a great range of soil types and adequate subsoil moisture is
important. Melaleuca quinquenervia often occurs where sandstone prevails, in
sandy soils over silty or loamy clays along the edges of river banks and swamps.
Sands may be black from humus with high organic matter content. Other soil types
include podsols and brown loams (Boland et al. 1994).
M. quinquenervia prefers acid to neutral soils (Marcar et al. 1995). Osborne (1939)
reported that all swamp soils tested around the Myall Lakes were acid. They are also
reported to colonise low pH (2.5 - 6.5) acid sulphate estuarine soils in the Wyong
area (Payne 1992) as quoted by Benson and McDougall (1998).
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Melaleuca quinquenervia are classed as moderately salt tolerant plants with growth
expected to be reduced at ECe of around 5 dS/m and survival reduced at around
10dS/m (Marcar et al. 1995). ECe is a measure of electrical conductivity of the
‘saturated paste extract’, that is, of the solution extracted from a soil sample after
being mixed with enough water to produce a saturated paste.
Comparative range in Southern Florida
Melaleuca quinquenervia was first planted in southern Florida in the early 20th
Century, in the hope that it would dry out swampy land (Di Stefano and Fisher 1983).
This was during attempts to ‘drain the Everglades’ in order to increase agricultural
production The seed is believed to have originated from Sydney (Turner et al.
1998).
It has subsequently taken over large areas and is now declared a federal noxious
weed and listed in the top 100 of the world’s worst alien invasive species (Global
Invasive Species Database 2007). The successful naturalisation is attributed to,
amongst other factors, the similarity in the environment to the native range of
Australia’s east coast. Latitudinally, the distribution is similar. Fort Lauderdale is
central to their distribution in Florida at 26°N and in Australia 26°S is just north of
Brisbane. Florida is also a hot-humid region, one of the wettest states in the U.S. M.
quinquenervia mainly infests the Florida peninsula south of Lake Okeechobee and is
replacing Taxodium distichum (Bald Cypress) and other native plants, particularly in
the intermediate zone between dry pine forest and wet bald cypress forest (Cronk
and Siobhan-Fenessey 2001). It seems to have a competitive advantage due to:
being one of the first species to release its millions of seeds after a fire; having an
ability to resprout; and having mechanisms to tolerate submergence (Myers 1984).
Efforts to control its spread with various techniques, including biological control, are
continuing (Bodle et al. 1994). Hence a large proportion of the literature published
on M. quinquenervia comes from the United States of America and there is a strong
emphasis on methods of eradication.
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Ramsar
In June 1999, Myall Lakes National Park was listed as a Ramsar Wetland of
International Importance (Ramsar 2004). The Ramsar site covers all of Myall Lakes
National Park (NSW NPWS 2002). Under the Ramsar classification system the lakes
support 7 different habitat types (D,E,F,H,I J & K) within the marine/coastal wetland
category and fulfil the following Ramsar criteria: (1a) it being a particularly good
representative example of a natural or near-natural wetland characteristic of the
appropriate biogeographical region; (1c) it plays a substantial hydrological,
biological or ecological role in the natural functioning of a major river basin or
coastal system; (2a) it supports an assemblage or rare, vulnerable or endangered
species or subspecies or plant or animal or an appreciable number or individuals of
one or more of these species; (3b) and it regularly supports substantial numbers of
individuals from particular groups of water foul, indicative of wetland values,
productivity or diversity.
The lakes are an important drought refuge and a variety of habitats are used by
migratory birds, many of which are protected under JAMBA and CAMBA agreements.
The Environment Protection and Biodiversity Act 1999 (EPBC Act 1999) enables the
management and protection of Australia’s Ramsar Wetlands cooperatively by both
Commonwealth and State governments. Most sites are protected by both
Commonwealth laws and State legislation.
The guidelines for managing wetlands put forward by the EPBC Act 1999 for the
assessment and approval of actions that may impact on the ecology of a Ramsar site,
have been addressed in the Myall Lakes National Park, Little Broughton Island and
Stormpetrel Nature Reserves Plan of Management (2002).
The Myall Lakes are also listed as a nationally important wetland in NSW fulfilling
criteria 1, 2 & 5. Further details of these listings can be found in Chapter 4 of A
Directory of Important Wetlands in Australia, 3rd edition (Environment Australia
2001).
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Conservation Status
The United Nations Conference on the Environment held in Rio in 1992 and the
subsequent ratification by most of the world’s governments of the Convention on
Biological Diversity (CBD) meant biodiversity and conservation ceased to be an
optional extra and became official global and national policy (Heywood and Iriondo
2003).
Even though the topic of conservation is now given much more attention, the scale
and intensity of human activity on the environment has caused widespread
degradation of native habitat and loss of genetic diversity (Heywood and Iriondo
2003).
Based on a definition by Martin (2002) conservation status is an assessment of the
extent to which species, populations or ecological communities are adequately
protected to ensure their survival. Inherently this includes any other forms of life
associated with, or dependent on that community.
An ecological community is an integrated assembly of native species that inhabits a
particular area in nature. Species within such communities interact and depend on
each other – for example, for food or shelter (DEH 2004).
Certain plant species may be considered widespread over Australia, however this
does not automatically mean that the other species associated with them are. Even
dominant species require conservation in a range of areas in order to preserve their
associated species that may be dependent on them, be they plant or animal (Specht
et al. 1974). There are often differences in form within a species over a geographic
area or ecological range, known as clinal form or ecotypes, all of which require
consideration.
The Australian Academy of Science established a national committee for Australia’s
participation in the International Biological Program. The sub-committee for
Conservation of Terrestrial Communities was formed in order to tackle the
conservation status of Australian fauna. It was first necessary to survey the
conservation status of the major plant communities. They came up with some 900
plant communities within Australia.
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The conservation survey aimed to list all the plant communities that were
adequately conserved in National Parks. ‘Adequately’ meaning large areas
preserved from human interference and safeguarded by suitable legislation (Specht
et al. 1974).
The data was collated in order to assess the conservation status for each major plant
community within the state as a whole, and, within geographical subdivisions of the
state. The categories were as follows: Excellent, Reasonable, Moderate, Poor and
Nil. In addition, a list of endangered plant species was prepared by each state.
The conservation status of the Melaleuca quinquenervia species is unknown at this
stage. Studying their population ecology at Myall Lakes National Park will contribute
to the information available for this species, and in particular these communities of
the lake-fringe forests.
Current legislation
The Environment Protection and Biodiversity Act 1999 (EPBC Act 1999) enables the
Australian Government to work with the States and Territories to provide
environmental and biodiversity conservation. The Principles of Assessment for the
conservation of both threatened species and ecological communities are set out in the
Regulations of the EPBC Act (2000).
Under the Act new categories have been added for listed threatened species. There
are now six different categories. ‘Critically endangered’, ‘conservation dependent’
and ‘extinct in the wild’ have been added to the previous categories of ‘endangered’,
‘vulnerable’ and ‘extinct’. The principles of assessment are listed by the Department
of Environment and Heritage (DEH 2004).
The Australian Government legislation also allows for the listing of threatened
ecological communities. This is the first step to promoting their recovery under
Australian Government law, supported by the preparation of recovery plans and
threat abatement plans (DEH 2004). Threatened ecological communities can be
recognised under three of the above categories: ‘critically endangered’,
‘endangered’ or ‘vulnerable’. For example, the Swamp Tea Tree (Melaleuca irbyana)
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forest of south-east Queensland is listed as a critically endangered ecological
community as of April 2005 under the EPBC Act (1999) with less than 30% remaining
due to forest clearing, grazing and weeds. It is also listed as endangered regional
ecosystems 12.9-10.11 and 12.3.3c under Queensland’s Vegetation Management Act
1999.
At a State level, NSW National Parks are responsible for conservation of native flora
and fauna under the National Parks and Wildlife Act 1974, including maintenance of
biodiversity, populations of threatened species and critical habitat (NSW NPWS
2002). In managing populations of threatened species and critical habitat, the NPWS
also has responsibilities under the Threatened Species Conservation Act 1995. This
includes preparing and implementing recovery plans for threatened species,
populations and ecological communities, in addition to developing and
implementing threat abatement plans to manage key threatening processes and
identifying/declaring critical habitat (NSW NPWS 2002).
Key threatening processes can result in the decline or loss of a particular species or
of overall biological diversity and many are related to human activity either directly
or indirectly (Keith 2004). The threatening processes for nationally important
wetlands are vegetation clearing, increasing fragmentation, loss of remnants and
lack of recruitment, firewood collection, grazing pressure, feral animals, exotic
weeds, changed fire regimes, pathogens, changed hydrology including altered flow
regimes affecting riparian vegetation, and pollution (Environment Australia 2001).
Outside the National Parks system, the State Environmental Planning Policy Number
14 (NSW Department of Planning 2008) ensures coastal wetlands are preserved and
protected. It identifies over 1300 wetlands of high natural value from Tweed Heads
to Broken Bay and from Wollongong to Cape Howe. Land clearing, levee
construction, drainage work or filling may only be carried out within these wetlands
with the consent of the local council and the agreement of the Director General of
the Department of Planning. Such development also requires an environmental
impact statement to be lodged with a development application. These policies are
critical to the survival of environments such as wetland fringing forests that are
threatened by urban development and are outside the protection of reserves.
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Evidence at the local level:
In areas not protected by the reserves system, interruption of the original hydrology
has caused an obvious decline in the M. quinquenervia population. For example:
Shortland Wetlands near Newcastle have suffered serious habitat degradation due
to storm water pollution and nutrient enrichment. This site was listed as an
endangered ecological community in 2005 by the NSW Scientific Committee and
efforts are now underway to restore and revegetate this area. This habitat is
extremely important for nesting egrets and due to its limited area, has been
inundated by these birds which contribute to eutrophication and hence the
Paperbarks’ demise.
In south-east Queensland large areas of forested wetlands dominated by Melaleuca
quinquenervia have been lost to agriculture and urban expansion and this threat
remains with continued population growth in Australia’s eastern coastal areas (Zoete
and Davie 2000). During an ecological survey of the Myall Lakes, Atkinson et al.
(1981) foresaw an increasing population in nearby urban centres and hence
increased human activities and development within the area. They believed that
changes in levels of dissolved nutrients and pollutants could affect the characteristics
of the Myall Lakes due to increased agricultural activity, and urban or recreational
land use.
A prime example of Atkinson et al.’s prediction occurred during April and October
1999 when Blue Green algae bloomed on the Myall lakes lasting until August 2000
(Palmer et al. 2000). A study by the Australian Geological Survey Organisation
(AGSO) attributed the outbreak to low and inefficient sediment denitrification in the
lakes accompanied by limited flushing (cited in Palmer et al. 2000).
Presently, Myall Lakes fall within the area covered by the Hunter-Central Rivers
Catchment Management Authority (H-CR CMA). The blueprint for the Lower North
Coast aims to reduce the amounts of nutrients entering the Myall River, and hence
the Myall Lake, by rehabilitating and protecting riparian vegetation.
Today, many wetlands are seriously endangered (Zoete and Davie 2000). In the past,
forested wetlands were often exploited for their rich alluvial soils, timber and arable
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land and were often developed as market gardens and orchards. Small patches of
wetlands survived on the coast due to their acid soils which were unsuitable for
agriculture. Today increasing areas of coastal swamp forests are lost to
development for tourism and retirement housing. An estimated 10 to 40% of
Coastal Swamp forest has been cleared since settlement (Keith 2004).
Myall Lakes is one of the few coastal brackish lake systems in New South Wales that
has not been greatly modified by human activities (NSW NPWS 2002). Along with
Crowdy Bay, Hat Head, Yuragir and Bundjalung National Parks, the Myall Lakes
National Park forms part of a chain of coastal reserves which protect an important
sample of functionally important forested Wetlands (Keith 2004). The lakes provide
habitat for a large number of native species including 200 bird species, a number of
endangered and vulnerable species of amphibians and reptiles, and a number of
threatened plant species including the swamp orchid (Phaius sp).
One of the targets of the current Catchment Action Plan (CAP) is to maintain estuary
and marine shorelines, which includes management of buffers around estuaries and
wetlands and also recreational boating to reduce wash and erosion. They also aim to
restore degraded shorelines to natural condition, all with consideration of possible
effects of climate change, including rising sea levels.
Melaleuca quinquenervia plays a significant role as part of the shoreline vegetation
of various wetland / lake systems, it functions as a natural water purifying system,
trapping silt and nutrients, and, by providing bank stabilization it helps to prevent
erosion. It is vital for the ecology of a lake system such as Myall Lakes, providing
food and shelter for aquatic species and terrestrial animals and birds. It is of
particular importance as a food source for native flying foxes which in turn are
important pollinators for many forest trees.
In addition, the Broad–leaved paperbarks have a high aesthetic value which is
considered, along with recreational values, to make an economic contribution
through tourism and the arts. Nature-based tourism is estimated at 4.7% of the
gross domestic product in direct terms and up to 11% indirectly (National Land and
Water Resources Audit, 1997-2002). Myall Lakes is a particularly good example of
how the paperbarks can form a distinctive landscape, (see frontispiece) creating a
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unique cultural heritage for Australians, particularly for the indigenous Australians
and those that have a spiritual association with the land (Australian Terrestrial
Biodiversity Assessment, 2002).
Research into the ecology and conservation needs of ecological communities is an
effective way of conserving many species and the environments they inhabit (Keith
2004) and an essential part of the management strategy for the Myall Lakes fringing
forest.
Recruitment
Recruitment of plant populations is studied in great detail by Harper (1977) and he
provides a fitting explanation, which is summarised as follows: Gross changes in the
physical environment such as temperature, soil type, compaction and exposure
change the frequency of ‘safe sites’ in the soil and hence the probability of a seed
forming an established seedling. The nature of the microsite, along with the very
subtle requirements of germination, also determines the number and variety of
seedlings recruited from the seedbank into a population of seedlings.
Episodic recruitment in forests is fairly common, often due to factors such as
shading, allelopathy, fire, flood or damaging storms (Martin 2002). The result can be
a ‘block type’ age structure. A study of data from 40 stands of Melaleuca ericifolia
forests in Tasmania, indicated that the trees tend to grow in even aged stands,
leading Bowkett and Kirkpatrick (2003) to postulate regeneration after burning.
Long term periodic movements of the water table can also be responsible and Bren
(1992) reports flooding height and frequency as the key factor in colonisation of new
areas of River Red Gums (Eucalyptus camaldulensis) in the Barmah-Millewa Forestry
area.
Fast falling water levels can dramatically influence germination patterns in wetland
environments where fluctuating water levels are common. When testing a large
number of shoreline species with a wide range of seed sizes, Keddy and Constabel
(1986) found that most species had maximum germination in soil with smaller
particle size, the strongest response being species with the smallest seed and also
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during drier periods. The authors also found the coarse substrate least supported
growth due to disturbance by waves which produce nutrient poor substrata. This
may indicate a possible zonation of small seeded Melaleuca quinquenervia within a
lake-shore habitat in relation to soil particle size, and suggests the likely importance
of seed-water relations.
Reports of observations at the Myall Lakes National Park suggest possible episodic
recruitment of Paperbarks. Osborne and Robertson (1939) reported clustering of M.
quinquenervia on the sandy shores at the northern end of the Broadwater appearing
as if planted in a line. They state the following: ‘Apparently these result from
abundant germination of Melaleuca seeds from time to time in the flotsam and
jetsam cast up on the sand. Most of these crops of seedlings fail to establish
themselves, but, occasionally they have survived.’ They report the building up of
sand towards the lake and the establishment of young trees in a regular row parallel
to the shore.
More recently, Myerscough and Carolin (1986) noted that M. quinquenervia within
the swamp forest at Myall Lakes showed ‘stepping of class sizes’. They attributed
this to regeneration under conditions that occurred only periodically. In the fringing
forest at Myall Lakes, Martin (2002) also notes abrupt changes from one age group
to the next, but with no easily discernable pattern. He observed three main age
cohorts along lengths or blocks along the lake fringe: old/senescent, mature and
early mature, with only occasional patches of young or juvenile seedlings. There
were no seedlings or whips (young tree up to about 2 years old) observed. He
estimated the trees in the oldest group to be 200 to 300 years old. Importantly he
observed that the early mature and occasional patches of juvenile trees were in
areas where shoreline build-up was active.
From these reports, it appears very likely that episodic events may trigger the
regenerative cycle of M. quinquenervia at the Myall Lakes. It is desirable to
understand the influence of events such as fires, storms, and floods on recruitment,
particularly as they are related to climatic cycles, which are likely to be affected by
impending climate change.
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Limits to recruitment can be analysed with the use of modelling approaches and
extensive analysis of the processes such as seed fecundity, dispersal and
establishment. Such a recruitment model does not yet exist for M. quinquenervia as
information on several processes is lacking. Due to difficulties in measuring seed
production and dispersal in forests, the influences of these processes on recruitment
of trees species have been largely overlooked (Newton 2007). A generalised model
of recruitment (Figure 2-12) providing the basis for this study clearly shows the cycle
of regeneration as consisting of processes and the factors that influence them.
Figure 2-12 Generalised model of recruitment processes and factors that influence them (original)
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Reproductive ecology
The survival of a population depends on the process of reproduction and may be
influenced by factors such as the breeding system of the plant, availability of
pollinators, fruit and seed development and dispersal.
It is important to consider the breeding system in regeneration studies especially
where populations have thinned out to isolated plants.
Flowering
Generally speaking, young trees remain in a juvenile state for several years during
which time they do not normally flower. The length of this period varies greatly
among species. Younger plants may also differ in leaf shape and structure, stem
anatomy, leaf retention and production of pigments (Kozlowski and Pallardy 1997).
In Florida, Paperbarks are reported to flower by their third year. Flowering has been
noted in seedlings less than 1 metre tall (Geary 2003; Meskimen 1962) and less than
2 years old (Meskimen 1962).
In Florida, this species flowers profusely several times a year with flowering recorded
in every month except the three months of spring (Wade 1980). By examining the
spacing of old seed capsules, Meskimen (1962) was led to believe that in certain
years, some trees bloomed up to five times and individual twigs three or more times.
M. quinquenervia has what is termed an extended flowering period (Wrigley and
Fagg 1993). This involves production of flowers each day for a long period from
weeks to months. This is in contrast to mass flowering where a lot of flowers bloom
but for only a short period, often simultaneously and at irregular periods. Extended
flowering increases fertilization and ensures pollen donors from many ecotypes. It
can adjust the rate of flower production depending on resources available for seed
production and there is also less risk of reproductive failure due to lack of pollinators
or unfavourable conditions (Kozlowski and Pallardy 1997).
Litter studies in the U.S.A, involving the trapping of falling flowering parts from
Broad-leaved paperbarks, have shown flowering to peak around winter (Rayachhetry
et al. 1998; Van et al. 2002). In Australia, autumn to winter flowering is reported
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(Beadle et al. 1982; Goodacre 1958; Wilson 1991; Wrigley and Fagg 1993) or late
summer to winter (Wrigley and Fagg 1993). Summer flowering, however is reported
by Sainty and Jacobs (1981) which suggests there may be some additional flowering
times throughout the year. Locals recall Paperbarks at the Myall Lakes generally
flowering from about April through the winter months. Law et al. (2000) studied
flowering frequency for various Myrtaceous trees on the NSW North Coast including
M. quinquenervia which is shown to flower most often in March and April, regularly
in May and June and occasionally in January and February (Figure 2-13).
Figure 2-13 Flowering seasons of 20 Myrtaceous species from the north coast of NSW including
Melaleuca quinquenervia (Law et al. 2000)
In Florida, Meskimen (1962) was led to believe that flowering closely followed the
onset of relatively heavy rainfall after he observed a bloom after unseasonal rain
during the dry season. He also recalls large differences in flowering habits among
trees in the same stands, with some trees covered in flowers while other had none.
He also reports lack of flowering in shaded trees.
High incidences of flower and fruit abortion in Australia are reported by Rayamajhi et
al. (2002) when comparing infructesences (capsule clusters) from Australia and
Florida.
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Pollination and fertilization
Very little is known about the breeding system or distribution of genetic variation in
any Melaleuca species (Butcher et al. 1992). The normal seed set in Melaleuca is
often very low (sometimes 1-2%) which Barlow and Forrester (1984) suggest may be
a result of stigma clogging by self pollen (pollen from the same flower) or a
predominance of incompatible geitonogamous pollinations (when pollen from other
flowers on the same plant is incompatible). They also suggest other causes such as
protogyny (female matures before the male) and protandry (male matures before
the female) did not appear to have a strong influence.
Butcher et al. (1992) found a high rate of effective outcrossing (crossing between
different individuals) in M. alternifolia and suggested the presence of protogyny and
protandry may exist but that, geitonogamy (pollination between flowers within the
same plant) should still be common especially as they are mainly insect pollinated.
More crossing experiments were recommended to determine whether these
mechanisms operate.
Pound et al. (2003b) refer to various Eucalyptus seeds as having either pre- or post
zygotic barriers to self-pollinated seed production. Pollen tube penetration and
ovule fertilisation may be reduced and ovule abortion can occur after fertilisation
with few developing past zygote division. It is also suggested that variations may
occur within a species range and in a study on Eucalyptus globulus where mixed
pollination occurred, a late acting self-incompatability (unable to produce fruit when
self pollinated) mechanism was suggested to operate, aborting a proportion of self-
penetrated ovules (Pound et al. 2003a).
Barlow and Forester (1984) found self incompatibility present in M. hypericifolia, M.
capitata and M. thymifolia due to pollen tube growth being arrested. Interestingly,
they also observed andromonoecy (hermaphrodite and male flowers on the same
plant) and gynomonoecy (hermaphrodite and female flowers on the same plant) in
about 80% of the species they examined. It is unclear how many species they
studied and they did not report on M. quinquenervia.
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Female sterile flowers with shorter styles were also commonly found at the ends of
the inflorescences and pollen was not observed to germinate on these flowers.
Ovules were present but were shorter than normal and showed little internal
differentiation.
In M. hypericifolia and M. thymifolia in-vitro fertilizations occurred within 24 hours
of pollen germination.
Rayachhetry et al. (1998) cites Vardman’s master’s thesis (1994) when stating M.
quinquenervia is self compatible, autogamous (can be fertilized by the pollen of the
same flower) and also capable of outcrossing.
Pollinators
The Myrtaceae family is rarely pollinated by wind (Turnbull and Doran 1987). Due to
the sticky nature of the pollen it is more suited to pollination by insects, birds and
occasionally mammals, including bats and possums.
Melaleuca quinquenervia is a good source of nectar and pollen and is very useful in
honey production. The honey has a strong flavour and a weak density (Wrigley and
Fagg 1993). It is rather dark in colour and crystallises (candies) rapidly (Goodacre
1958). Not often used as a table honey it was, however, considered a valuable
source of nectar to the bee farmer on the central coast as it flowered when the more
important species such as Iron Barks did not. Goodacre (1958) also noted the
suitability of the papery bark for bee-smoker fuel.
The most common pollinators of Myrtaceae flowers are bees from the family
Colletideae which are known to feed on flowers of the Melaleuca genus (Beardsell et
al. 1993). Beardsell et al. (1993) also report that most native bees found on
Myrtaceae flowers collect pollen and nectar from whatever flowers are open and
favour the Melaleuca genera along with Eucalyptus, Leptospermum and Angophora.
A lack of information exists on pollination of Myrtaceae by flies. Beardsell et al.
(1993) suggest that only the larger flies would be possible pollinators as the smaller
ones do not transfer pollen grains. They also reports there is no information on the
pollination of Melaleucas by moths or butterflies.
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Blossoms of M. quinquenervia are attractive to nectar seeking birds especially
rainbow lorikeets (Wrigley and Fagg 1993). The Leptospermum alliance has many
species pollinated by birds, such as honey eaters and parrots. Rainbow lorikeets and
honey eaters have been observed feeding on the Paperbarks at Myall Lakes National
Park (Dave Turner, Ranger, pers. comm.). Wrigley and Fagg (1993) cite a study by
Ford et al. (1979) where 13 different species of birds were observed visiting
Melaleuca species.
Field staff from Myall Lakes National Park report flying foxes often roost in M.
quinquenervia trees. Eby (1995) reports that the Grey-headed Flying fox and the
Little Red Flying fox feed on the blossoms and contribute to the pollination process
(as cited by Benson and McDougall 1998). The Grey-headed Flying fox Pteropus
poliocephalus is a canopy feeding frugivore, blossom eater and nectarivore that has
recently been listed as a vulnerable species on Schedule 2 of the NSW Threatened
Species Conservation Act 1995 and also under the Commonwealth Environment
Protection and Biodiversity Conservation Act 1999. M. quinquenervia is a major food
source for flying foxes and an important part of their habitat, however there is no
scientific evidence that these bats actually cause pollination (K. Parry-Jones,
pers.comm. 2005).
Pollen
Dispersed pollen can be a useful tool when studying the history of the Australian
vegetation through palynological studies (scientific study of spores and pollen).
Previous studies have been used to differentiate Myrtaceae pollen into groups. The
Myrtaceae family has more or less uniform pollen (Erdtman (1952) and Pike (1956)
as quoted by Chalson and Martin 1995) and the best method of separating
Melaleucas from Eucalypts is to use a key along with species descriptions (Chalson
and Martin 1995)
The pollen of Melaleuca quinquenervia appear almost triangular in shape if observed
under the microscope and further detailed descriptions are provided by Chalson and
Martin (1995).
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Pollen load can influence seed number and seed quality. Pollen to ovule ratios are
hard to predict, but on a crude scale they are of the order 200 to 600 pollen grains
per ovule, which is considered low and a possible indication of self compatibility, but
if pollen numbers are high this may be misleading (Barlow and Forrester 1984).
Pollen viability was studied in M. cajaputi subsp. cajaputi (Hendrati et al. 2003) and
found to be around 65%. Pollen was germinated on agar with Brewsbaker solution.
No reports have been found on the viability of M. quinquenervia pollen.
Seed formation
Stages of seed formation
The stages of seed development according to Hartman et al. (2002) are embryo
differentiation, cell expansion, and maturation drying.
Embryo differentiation or embryogenesis (embryogenesis: the development of a
zygote into a multi-cellular embryo) proceeds through various stages including pro-
embryo, globular, heart, torpedo and cotyledon stages. Firstly, the fertilized egg cell
divides to form an apical and basal cell. The basal cell then forms the suspensor (a
column of single or multiple cells) while the apical cell forms the embryo. The
suspensor’s function is to push the embryo into the embryo sac and to absorb and
transmit nutrients to the pro-embryo until a later stage when these can be supplied
by the endosperm (Hartman et al. 2002). The globular embryo has about 16 cells at
this stage and tissue differentiation becomes evident. In the heart stage, cotyledon
primorda are evident and they elongate to give a torpedo-shaped stage. At this
stage the embryo has organised itself into an apical meristem, radicle, cotyledons
and hypocotyls (Hartman et al. 2002). The embryo is properly formed by the
cotyledon stage. The completed embryo has the basic body plan and many of the
tissue types of the mature plant, although present in rudimentary form (Taiz and
Zeiger 2002)
During Cell Expansion cells rapidly enlarge due to accumulation of food reserves. An
essential part of seed development is the accumulation of complex storage products,
mainly carbohydrates (starch), fats and oils, proteins and growth hormones, into the
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storage organs i.e. the cotyledons, endosperm and tissue. Normal growth and
differentiation of the embryo depends on it utilizing the contents of the endosperm
cells. If the endosperm dies for some reason, the growth of the embryo will be
inhibited (Kozlowski and Pallardy 1997). This is an active stage with increases in
DNA, RNA and protein synthesis. To manufacture these food reserves,
photosynthate and water are transferred into the seed from the mother plant via a
vascular connection to the ovary, the funiculus.
Maturation is when the embryo reaches its maximum size and most of the storage
materials are accumulated. There is no longer a vascular connection, the funiculus
abscises and the remaining scar functions as a valve called the hilum. It is necessary
for seeds to be physiologically mature to attain full germination capacity. Seeds that
have fully developed embryos and endosperm are morphologically mature, but not
necessarily physiologically mature. The accepted view is that seeds are
physiologically mature when they have achieved their maximum dry weight and
resources are no longer entering the seed from the mother plant (Kozlowski and
Pallardy 1997).
Various indicators can be used to estimate seed maturity such as colour, degree of
embryo development, amounts of chemical constituents, conductivity of seed
leachates (Kozlowski and Pallardy 1997) and seed moisture content or more
precisely equilibrium relative humidity (Smith 2003).
A mature seed will not germinate while it is still in the ‘moist’ stage (Mayer and
Poljakoff-Mayber 1989). Following maturity is the desiccation stage, when water will
be lost to the seed with the closure of the vascular connection to the parent plant
(Smith 2003). This is followed by quiescence, rest or dormancy stage (Mayer and
Poljakoff-Mayber 1989). Quiescent seeds are dry and simply require favourable
conditions to germinate. Dormant seeds however will not germinate even under
favourable conditions until dormancy is broken by some means. Dormancy is
discussed further on page 30.
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Seed formation in Paperbark
Each Melaleuca quinquenervia capsule contains about 250-300 very small seeds
(Myers 1983; Rayachhetry et al. 1998), with about 34,000 weighing 1 gram (Benson
and McDougall 1998). They are about 1mm long and look like a small splinter. They
are linear in shape but vary slightly depending on the position where they were
formed in the locule (Figure 2-14, Figure 2-15).
Mode of seed development in Paperbark was declared unknown by Rayachhetry et
al. in 1998. Seed development has been studied more intensively in Eucalypts than
in any other Myrtaceous genera (Turnbull and Doran 1987). Like the Eucalypt, the
M. quinquenervia ovary is inferior and thus wholly embedded in the hypanthium
(floral cup) and divided into 3 locules (chambers). Each locule has a placenta which
is axile, (on a central, vertical column), on which the ovules are borne.
Figure 2-14 M. quinquenervia capsule releasing
seeds
Figure 2-15 M. quinquenervia seed forms.
Different shapes depend on position within the
locule (based on illustration by Woodall 1982)
In Eucalyptus, the ovules borne towards the base of the placenta are the ones most
likely to become viable seeds while those on top are sterile (Turnbull and Doran
1987). Seeds of M. quinquenervia are different sizes and shapes (Figure 2-15) within
the locule and it has not been reported if any pattern exists in the positions of viable
seeds.
According to Woodall (1982), the seeds within the M. quinquenervia capsule are not
divided into fertile and infertile (chaff) components, as is often described for the
seeds of the Eucalyptus. Though there does appear to be a fairly high percentage of
empty seeds in M. quinquenervia (personal observation) which is perhaps suitably
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explained by House (1997) who in comparing Callistemon and Leptospermum species
to Eucalypts, describes the presence of numerous non-functional ovulodes in
addition to fertile ovules, along with sterile seeds formed from normal ovules.
Endosperm in mature Myrtaceae seeds is reported to be scanty, starchy or absent
(Zomlefer 1994 as quoted by Rayachhetry et al. 1998). Viable Eucalyptus seed has
no endosperm (Turnbull and Doran 1987).
Rayachhetry et al. (1998) believed that the inability of immature Paperbark seeds to
stain with 2,3,5,-triphenyl tetrazolium chloride (TTC) indicated the presence of
predominant endosperm and explained the death of immature embryos when
capsules were detached from the branch. Hence a ripening period is most likely
required for the young seed as suggested by Meskimen (1962) during which the
developing embryo can digest the endosperm as in other Myrtaceae (Beardsell et al.
1993). The length of this period is undetermined.
Viability
‘Viability’ is the proportion of seeds that have the potential to germinate, that is,
including both germinable and dormant seeds (Peterson 1987).
‘Germinability’ is the proportion of seeds that actually germinate at a particular time,
usually under laboratory conditions.
Loss of viability is due to several factors. Various chemical changes which may be
enzymatic occur and can contribute to ‘leakiness’ of the cell membrane which is
typical of deteriorating seeds. Lesions in DNA and RNA have also been reported
(Mayer and Poljakoff-Mayber 1989). Morphological changes also occur such as loss
of hair or discolouration of the seed coat. Loss of viability is a decrease in the
percentage of seeds which will germinate in any given population rather than a
sudden failure of all the seeds (Mayer and Poljakoff-Mayber 1989).
Generally viability is retained best under conditions which reduce the metabolic
activity of the seeds, that is, low temperature, low humidity and high CO2
concentration, along with other factors that control seed dormancy (Mayer and
Poljakoff-Mayber 1989).
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Conditions faced by the plant during seed formation and ripening can greatly affect
viability of its seed post dispersal, for example, water supply, temperature, mineral
nutrition and light. However these are secondary to genetic factors (Mayer and
Poljakoff-Mayber 1989).
In many species most flowers do not set fruit and in a number of species not all
ovules in a flower set seed (Bawa 1989). Many species abort a variable number of
their ovules after fertilisation. Severely reduced seed sets or inbreeding depression
is often encountered when typically outcrossed plants (such as the Paperbark) are
self pollinated. The arrest of self-pollen tubes has been observed in M. hypericifolia,
thymifolia and capitata (Beardsell et al. 1993) which, like M. quinquenervia, have
variable but frequently very low seed set. Barlow and Forrester (1984) also suggest a
predominance of incompatible geitonogamous pollinations (fertilisation from other
flowers on the same plant), especially if the plants are isolated.
Rayachhetry et al. (1998) reports an average of 15% of canopy stored seeds of M.
quinquenervia were filled (embryonic) and 85% were empty. Viability of the filled
seeds averaged 62% and germinability of the filled seeds averaged 50%.
Germinability being lower than viability suggests there is some dormancy. This data
is for American seeds only.
Interestingly, Rayachetry et al. (1998) also found habitat had a significant effect on
the proportion of the total seed crop with filled seeds but had no effects on the
viability and germinability percentages of filled seeds. They report a higher
proportion of embryonic seeds in seed from trees in permanently flooded habitats
(18%) compared to seeds from dry and seasonally flooded habitats (14%). They
found the number of capsule cluster positions were comparable between habitats.
This may be a comparison that could be related to the fringing forest habitat and the
swamp habitat at Myall Lakes.
Rayamajhi et al. (2002) reports similar trials where they also compared American to
Australian seeds. Trees selected were from ‘non-aquatic’ sites i.e., dry and seasonally
flooded habitats. M. quinquenervia seeds that were embryo filled were 9% for
Australian seeds and 14% for American seeds, of the total seed crop tested. Viability
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of filled (embryonic) seeds was 39% and 63% respectively and 34% versus 52% of
viable seeds were germinable.
These results suggest that the Australian seeds tested had much lower quantity and
quality. They reported high incidences of aborted capsules on Australian trees and
capsule density being less than half that of the American trees. They also noted that
the proportional viability and germinability for the Australian trees did not vary
consistently with the position/age of the infructescence, whereas it did in the U.S,
with the proportion being greatest in the middle aged and least in the youngest and
oldest infructescence (Meskimen 1962). This effect may be attributed to seasonal
conditions during seed formation and also the youngest seed may still have required
ripening of the immature embryos.
Seed production and dispersal
Ralph (2003) states that certain Eucalypts produce large crops of seeds on a cyclical
basis, every 4 to 6 years. There are no reports of seed cycles occurring in Melaleuca
species. There is little information on the numbers of seeds produced by M.
quinquenervia trees. Meskimen reports 85% of seed capsules from a 4.8m tree
yielded 2,729,119 seeds. Woodall (1982) estimated weekly seed fall in a closed
stand to be 2260/m2.
Various litter fall studies have been carried out some reporting on the seasonality of
capsule fall (Rayamajhi et al. 2006; Van et al. 2002) but actual seed fall was not
quantified. Seed fall studies have more commonly been carried out for Eucalyptus
(Burrows and Burrows 1992; Cunningham 1957) species in order to quantify the
reproductive potential to assist forest management practices.
Methods of dispersal
Seed dispersal plays a critical role in population size in space and over time. Seed
dispersal can influence the spatial distribution of trees (Bazzaz 1996). That is, wind
scattered seeds can be widely scattered but are particularly common near their
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parents; bird dispersed seeds are usually clustered more than wind dispersed seeds
and animal dispersed seeds are usually found in scattered patches.
Ripe Melaleuca seeds are held within the woody capsule for an indefinite period.
Seeds may be retained on the tree to allow for heavy seedfall if required,
alternatively, a continuous low level release of seeds would ensure some fresh seed
is on the ground, available to take any opportunity to germinate (Woodall 1982).
Seed release occurs from the drying of capsule walls caused by the interruption of
moisture supply (Meskimen 1962). This can be caused by events such as fire, frost,
wind breakage and natural pruning (shedding of plant parts) and human
interference. Generally, this is a method used by many Myrtaceae, keeping the fine,
heat sensitive seeds safely within the capsule until they are required. Once capsules
have ripened due to these events they will dehisce and release seeds within about 2-
3 days (Rayachhetry et al. 1998). With Eucalypts the number of seeds shed depends
on the separation of the seed from the placenta and the widening and the opening
of the loculi as the seed dries out (Turnbull and Doran 1987).
The M. quinquenervia fruit has been described as a serotinous capsule (Myers 1983,
Cronk and fuller 1995). Serotinous means seeds remaining closed long after
reaching maturity (Hickey and King 2000). Seeds with this characteristic have
delayed dispersal and are often only released after fire and are stored in the aerial
seedbank.
Fire
Melaleuca quinquenervia exhibits the traits of a fire adapted species. It produces
vast quantities of small, heat sensitive seeds which are protected inside the woody
capsules from fire. It has flammable oils, vigorous resprouting after disturbance,
rapid growth rate and early reproductive maturity. Dormant lateral buds on the
trunk can sprout and flowering can occur within weeks of a fire (Cronk and Fuller
1995). The bark is a very effective insulator. The many layers appear to retain
moisture and there is a large number of intact suberised (waxy, waterproof) cells in
the corky layers which Chiang and Wang (1983) suggest are the reason for the bark’s
exceptionally high heat of combustion (25,791kj/kg).
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Woodall (1982) believes a fire in the crown would cause capsule dehiscence within
days and that the fast pace and irregularity of a crown fire would not produce a
temperature lethal to seeds in all capsules. Hence perhaps only a small percentage
of seeds would be consumed. Alternatively a ground fire may not even reach the
canopy.
The clustering of capsules was found to increase seed survival in Kunzea ambigua
(Myrtaceae) with better insulation and shielding of seeds during fire (Judd and
Ashton 1991). Judd and Ashton also suggest that the seeds located at the base of
the loculi would be better insulated. This could explain Turnbull and Doran’s (1987)
statement regarding the viable seeds in Eucalyptus being situated at the base of the
placenta.
Wind
Turnbull and Doran (1987) suggest that wind is an important agent for dispersal in
the Leptospermoideae sub-family with most seeds being spread in the direction of
the prevailing wind but generally no more distance than twice the height of the tree.
Others suggest that strong winds could occasionally carry seeds more than a
kilometre (Schroeder and Browder (1979) as cited by Woodall 1982).
Melaleuca quinquenervia seeds have a relatively high terminal velocity compared to
other wind-dispersed seeds of similar size class (terminal velocity being a function of
both weight and shape). They have not incorporated any design feature to slow
their descent such as wings or plumules. The different shapes cause some to be
more buoyant than others. Once released from the capsule some will spin and
others will tumble. Hence wind assists to a certain extent but is not the primary
means of dispersing seed, mainly only saturating areas immediately adjacent to the
seed tree (Woodall 1982).
Woodall (1982) believes seed release from undamaged trees is primarily a result of
self-pruning due to shade and competition among branches, this being the most
intense during periods of rapid growth.
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Water
Dispersal by water currents may cause seeds to be transported longer distances. As
Paperbarks often grow on flooded sites, some seeds will fall into the water. Fresh
seeds can float on top of the water for days on the surface, a tension film allowing
the seeds to resist wetting (Woodall 1982). If seeds are transported away this also
removes the competition from understorey or dense canopy cover which is
important for the successful establishment of the seedling.
Pettit and Froend (2001) found M. rhaphiophylla and M. leucadendron seeds floated
for at least 4 days, germinated while floating in water within 6 – 9 days, and
subsequently sank once germinated. These trials were in beakers of de-ionised
water that were stirred daily. They also noted when studying flood debris samples
that most or all of the woody capsules had opened and already released their seeds.
Melaleuca appears to be well adapted to the hydrological regime of the environment
in which it lives. Melaleuca rhaphiophylla trees growing in riparian environments in
temperate south-west Western Australia have been observed damaged or disturbed
by floods or storms with branches broken off, carried downstream onto sandbanks
and areas of higher elevation which may protect seedlings from inundation. Seeds
are subsequently released when flood waters have receded and when conditions are
most favourable for germination (Pettit and Froend 2001). Seed may be retained on
this species for several years, and seed release appears to be opportunistic after the
desiccation of the fruit.
The more tropical north-west of Western Australia is where M. leucadendra employs
the method of releasing seeds during the late stage of the wet season onto the Ord
River which then recedes, leaving the seeds deposited on moist sediment (Pettit and
Froend 2001). Eucalyptus camaldulensis (River Red Gum) is a widely distributed,
typically riverine Eucalypt which also has similar pattern of releasing seeds when
floodwaters recede. Hence this appears to be a common adaptation to changes in
water levels and may play a significant role in establishment of the lake fringe M.
quinquenervia at the Myall Lakes.
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Animals
Animals, including insects, may act as dispersal agents. There is a diverse range of
small mammals in the park such as native mice and rats which may consume seed
before or after dispersal from the plant or move seeds to sites unsuitable for
germination.
Longevity and seed banking
Generally, forest trees do not accumulate seeds in the soil seed bank. They are more
likely to store their seeds in the canopy (‘aerial seedbanking’) and disperse seed in
response to an event such as fire (Harper 1977 p. 633).
Seeds in long-term aerial seed banks rarely exhibit dormancy and germinate readily
when dispersed, hence the main reason for not having a well developed soil seed
bank (Baskin and Baskin 1998).
Finding a small percentage of dormancy in some M. quinquenervia seeds led
Rayachetry et al. (1998) to postulate that these seeds may contribute to a
‘transitory’ (short term) soil seed bank, but that there is minimal soil seed banking in
Melaleuca spp. as it is essentially a serotinous species.
In the U.S.A, Woodall (1980) found that M. quinquenervia seeds buried ‘superficially’
in the soil remained viable for at least 10 months. Rayamajhi et al. (2002) speculated
that seeds may even remain viable in dry sites for more than 2 years and in 2005 Van
et al. reported loss of viability after 1.5 years in seasonally or permanently flooded
sites and 2 to 2.3 years in flooded sites.
These longevities are greater than those found by Pettit and Froend (2001) who
buried M. rhaphiophylla and M. leucadendra seeds at 1cm depth at sites on the
Blackwood and Ord rivers in Western Australia. They retrieved them after 1, 6 and
12 months and germinated them in a growth cabinet at 20°C. After 1 month viability
for M. rhaphiophylla was 79 ± 9 %. After 6 months it had fallen to zero for both
species. They suggested this low longevity was the reason few seeds were found in
the soil seedbank, along with possible predation by ants.
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Melaleuca seeds may have high longevity based on Turnbull and Doran’s (1987)
suggestion that seeds from the subfamily Leptospermoideae will remain viable and
vigorous for 5 to 25 years when stored at low moisture content in sealed jars at 1-
5°C and that only minor deterioration will occur if stored at room temperature. It is,
however, unwise to relate results from controlled storage conditions to conditions in
the field. Longevity in dry storage and in the soil are quite unrelated (Thompson
2007).
Germination
Key requirements
Ideal conditions that favour seed germination are adequate water, a suitable
temperature and compositions of atmospheric gases, and light (for some seeds).
The requirement for these conditions varies according to species and variety and is
determined firstly by hereditary factors and secondly by the conditions the mother
plant experienced during seed formation (Mayer and Poljakoff-Mayber 1989).
Temperature
The temperature range that different seeds germinate within can be determined by
the source of the seeds, genetic differences within a population, and by the age of
the seeds (Mayer and Poljakoff-Mayber 1989).
Melaleuca germination is reported to be similar to that of Callistemon species which
prefer warm ground temperatures with optimum results between 18 and 25°C,
usually direct sown in late winter or spring in temperate areas (Ralph 2003).
Optimum conditions for germinating M. quinquenervia are reported by Myers (1975)
to be alternating 12 hour wet and dry cycles or continuously wet at 23 to 26°C (as
cited by Rayachhetry et al. 1998). Rayachhetry et al. (1988) went on to germinate
seeds at 25°C in sterile de-ionized water and found radicle emergence occurred in
most seeds within 10 days.
Preliminary germination tests on American seed by Myers (1983) had M.
quinquenervia seeds germinating in less than 3 days with 35-40% germination and
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none occurring after 10 days. Temperature and duration of observation were not
reported.
Previous studies by Myers in 1975 (as cited by Rayachhetry et al. 1998) showed 3 –
28% germination of air dried Paperbark seed after 10 weeks storage. This figure
could be lower for many reasons, including a reduced viability from storage time or
differences in viability between or within populations.
Water
Seed coats of Melaleuca quinquenervia are permeable to water and become soft
after soaking for a few hours (Rayamajhi et al. 2002).
Myers (1975) as cited by Woodall (1980) was unable to observe seed germination
under water in field experiments, though he managed to show that it occurred in
greenhouse experiments. He also noted the dependence on dissolved oxygen levels.
Newly germinated flooded seeds are reported to be slow to anchor their roots in the
substrate (Woodall 1980).
Light
Ralph (2003) suggests that light may enhance germination for Melaleuca seeds. This
appears to be the case for M. deanii and M. armillaris with higher germination
percentages gained under light (Virtue 1991). Differences may exist between species
however as some Eucalyptus species require light for satisfactory germination and
some don’t. White (1988) reports no significant response in germination percentage
to light for M. quinquenervia, only an increase in germination rate. Efficacy of
methods of light exclusion, however, is unconfirmed.
Chemicals
Smoke treatment can result in quicker and more uniform germination in a range of
plant forms and has become a well used treatment based on research done in South
Africa (de Lange and Boucher 1990) and Kings Park and Botanic Garden Perth,
Western Australia (Dixon et al. 1995; Roche et al. 1997; Rokich and Dixon 2007).
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The active compound that stimulates germination has been characterised as
butenolide, 3-methyl-2H-furo [2,3-C]-pyran-2-one (van Staden et al. 2004) and has
been isolated from plant derived smoke water and other combustion products.
The concentration of smoke is likely to influence the germination response of
Australian species (Keith 1997). The effect may also be enhanced when combined
with heat shock or other specific fire-related cues such as burning vegetation and
charcoal (Keith 1997; Kenny 2000; Morris 2000). This indicates that regeneration
niches may be very specific for some species (Thomas et al. 2003).
There is a diverse range of responsive species including some serotinous species
which indicates the smoke response is not limited to species that typically form the
top soil seedbank (Rokich and Dixon 2007).
Ralph (2003) states smoke treatment has been found to improve germination in M.
ericifolia and M. lanceolata though includes no scientific details. There are no
reports of smoke or any other chemical’s effect on germination of M. quinquenervia.
Depth of planting
For nursery propagation it is recommended to cover seeds lightly (Ralph 2003) to a
depth equal to their width or thickness (R. Peprah 2004 pers. comm.). There are no
reports on the limit of depth for germination of M. quinquenervia seed.
Other factors affecting germination
Dormancy
Dormancy in plants has been defined as ‘a state in which viable seeds, spores or
buds fail to germinate under conditions of moisture, temperature and oxygen
favourable for vegetative growth’ (Amen 1968 as quoted by Harper 1977).
Dormancy caused by some characteristic of the seed, is referred to as organic seed
dormancy of which Nikolaeva (1977) has classified two types, endogenous and
exogenous, each with several sub-classifications. Endogenous means a characteristic
of the embryo prevents germination and exogenous refers to some characteristic of
structures covering the embryo, for example, seed coats or endosperm (Baskin and
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Baskin 1998). A simplified version of Nickolaeva’s classification of organic dormancy
types can be found in Baskin and Baskin (1998) p. 28.
Harper (1977) classifies dormancy into three categories, innate, induced and
enforced. Summarised by Kershaw and Looney (1985), innate being a specific
property of a species requiring a particular treatment to break it; induced can
develop when a non-dormant seed is exposed to a particular (harsh) environmental
situation; and enforced develops in response to external conditions, but is removed
immediately when conditions are modified.
Numerous descriptions of dormancy types can be somewhat confusing and recently
dormancy has been re-thought by Thompson (2007), as merely a fraction of the
entire array of adaptations that make up the seed’s long term plan of action or
‘germination strategy’.
In addition to favourable environmental conditions, germination of seeds is
controlled by various external and internal germination inhibitors or stimulators (for
example, plant hormones and chemical or volatile compounds) and the balance of
these at their sites of action.
Dormancy is genetically controlled and its control differs in different species and may
even show slight differences between cultivars or populations of the same species. It
is likely that the differences within a species are quantitative (Mayer and Poljakoff-
Mayber 1989).
Dormancy is not expected to play any significant role in Melaleuca quinquenervia as
the Seed Information Database (Flynn et al. 2006), an online database provided by
the Royal Botanic Gardens, Kew, reports 100% germination percentage for this
species. Sweedman and Merritt (2006) list 83 other Melaleucas as having no pre-
treatment requirement for germination, (though they do not mention M.
quinquenervia itself). Also the Leptospermum alliance is reported as not requiring
any pre-treatment of seed (Wrigley and Fagg 1993) to germinate. Seeds in long term
aerial seed banks rarely have any dormancy and germinate readily when dispersed
(Baskin and Baskin 1998).
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Allelopathy
Allelopathy is the study of the effects that plant metabolites have on neighbouring
plants. Allelopathy is most commonly associated with the harmful effects such
compounds have on plants and microorganisms, though they may also be beneficial
depending on the concentrations present (Willis 1999). Simple phenolic compounds
are widespread in vascular plants and many have important roles in plant defence
mechanisms. Compounds such as Caffeic acid and Ferulic acid have been shown to
occur in soil and to inhibit the germination and growth of many plants (Taiz and
Zeiger 2002). However, allelopathy is controversial, as supporting evidence for these
associations in the field is harder to obtain than evidence in the laboratory (Taiz and
Zeiger 2002).
In a review by Willis (1999) Eucalyptus regeneration is reported to often be poor,
especially on undisturbed sites. There are many reports of Eucalyptus seedling
suppression in mature open-forests, especially those dominated by the
Monocalyptus subgenus. Eucalypts have a high concentration of terpenes or
terpenoids which may be responsible.
Willis (1999) notes Story’s (1967) suggestion that microorganisms or exudates cause
a ring of sparse vegetation under eucalypt trees and also recalls there often being a
pattern of suppressed seedlings or young trees around older veteran trees though
the causes of this have not been explained. When microorganisms such as fungi and
bacteria feed on plants it can cause or accelerate the release of phytotoxic
metabolites. This is known as indirect allelopathy.
Willis (1999) cites some examples of allelopathic associations. Radicle extension in
Eucalyptus haemostoma has been found to be inhibited by the natural leachate from
the bracken fern (Pteridium esculentum) by Taylor and Thomson (1990). The litter of
Eucalyptus ovata and E. leucoxylon was found to inhibit the germination of
Allocasuarina littoralis (Casuarina littoralis) by Withers 1978.
Despite the numerous reports in his review, Willis (1999) does not believe there are
any definite occurrences of allelopathy in native Eucalypt forests in Australia. He
sees allelopathy in native vegetation more as a subtle filter that helps govern the
species composition of the community. However this does not mean that the
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allelochemicals are not still present in the environment. Most of the studies
observed ‘autotoxicity’ which is when the compounds produced actually negatively
influence the plant producing them.
As there are no reports of allelopathy’s role in any Melaleuca populations, further
study of associations between M. quinquenervia and its neighbouring plants, in
particular Casuarina glauca (Swamp oak) are warranted as this may play a role in
regeneration of these species.
Salinity
The effect of salinity on germination of some Western Australian Melaleuca species
was studied by Van der Moezel and Bell (1987) who found germination percentage
and rate decreased with increasing salinity. Germination of M. ericifolia found
mainly on the eastern coast of Australia is reported to be completely inhibited at 25
dS/m but when transferred back to fresh water, high and rapid germination is
achieved, suggesting inhibition is osmotic (Ladiges et al. 1981; Robinson et al. 2006).
There is no literature available on M. quinquenervia.
Establishment and seedling survival
Rayamajhi et al. (2002) noted consistent epigeal germination in Melaleuca
quinquenervia. The germination of all members of the sub-family Leptospermoideae
is epigeal, that is, thin cotyledons emerge from the testa and are raised above the
soil surface (Turnbull and Doran 1987). Epigeal cotyledons are usually
photosynthetic (Mayer and Poljakoff-Mayber 1989) and as there is reported to be no
endosperm in Melaleuca, food reserves in the early stages of growth would only be
accessed via photosynthesis from the cotyledons. Hence the young seedling is very
vulnerable and needs to establish itself quickly in order to generate its own food
reserves.
Tricotyledony, (three cotyledons) has been reported for M. quinquenervia at a
frequency of 5% (Clifford 1987). Seedlings with three cotyledons have been
observed for many species though not so frequently.
Review of Literature
43
Hydrology
Myers (1983) states that the critical factor influencing initial establishment is
hydroperiod. That is, when and for how long critical moisture requirements are met.
Myers (1983) sowed various sites with Melaleuca quinquenervia seed and monitored
survival over a 3 year period. There was no germination of seeds sown during the
dry season on any of the sites in the trial.
He also states that prolific amounts of seed are released in Florida following late dry
season fires and hence ready to germinate at the beginning of the wet season which
he suggests is the most opportune time. Myers (1983) concluded that seedlings that
germinated prior to flooding or immediately after flooding had the best chance of
surviving a dry season. Once again, this suggests that timing of seed release is crucial
though perhaps more-so in sub-tropical to tropical regions with distinct wet and dry
seasons.
In greenhouse experiments performed by Myers (1983) he found that the height of
M. quinquenervia seedlings grown in saturated soil was significantly greater than the
height in moist, well-drained soil, but the stems were weaker. Weaker stems have
also been reported by Lockhart et al. (1999). White (1988) found similar results to
Myers (1983) with heights gained for saturated soils being significantly greater than
for less waterlogged treatments.
Myers also subjected seedlings to various schedules of flooding with water
maintained at a level of 10cm above the soil. The seedlings survived long periods of
inundation. Seedlings that were submerged for 6 months had growth retarded while
they were completely submerged, however growth resumed normally when flooding
was removed.
Lockhart et al. (1999) reported a consistent result of about 20% mortality of saplings
after 8.5 weeks deep submersion.
In field trials carried out from 1974-1977, Myers found optimum conditions for
establishment were in soils that were moist to saturated for several months, but
rarely flooded. Seedlings can survive submergence for 6 months, but most would be
killed in less than 12 months.
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Aquatic heterophylly (production of morphologically distinct leaves) has also been
reported to occur in seedlings submerged for extended periods (Myers 1983).
Salinity
Soil salinity impedes water uptake by plants, which leads to internal water deficits
resulting in changes in hormone production. These changes cause stomata to
partially close, restricting photosynthesis and slowing leaf growth and development
(Atwell et al. 1999 p. 551).
As plants transpire much more water than they retain, any solutes not excluded by
the roots will end up in the leaves at a much higher concentration than that of the
soil solution. Hence to survive, salt needs to be excluded by the roots via low
permeability membranes, and restricted from the leaves and reproductive organs
through removal from the xylem and retention in stems and leaf bases (Atwell et al.
1999 p. 554).
Melaleuca quinquenervia trees are observed to grow in both fresh and brackish
water, indicating a degree of salt tolerance, however Bird (1978 p. 149) suggested
salt water incursion was responsible for dieback in Melaleuca ericifolia in lakeshore
swamps near Lakes Entrance, Gippsland, Victoria after an artificial entrance was
previously cut through the dunes in 1889.
A range of anatomical and morphological adaptations to saline groundwater have
been found in Melaleuca halmaturorum. Salt water tolerance in M. halmaturorum is
believed to be due to an ability to reach lower xylem water potentials, hence
maintaining the flux of water into the tree, along with flexibility in root water
uptake. Lateral roots were found to proliferate where water extraction occurred
fastest. When summer evaporation raised surface salt levels, roots would tap
progressively deeper sources of fresher ground water (Denton et al. 1999;
Mensforth and Walker 1996). Hence very saline water was not taken up when non-
saline water was present.
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M. quinquenervia is classed as a moderately salt tolerant plant by Marcar et al.
(1995) with growth expected to be reduced at around 5dS/m ECe and survival
reduced at around 10dS/m.
White (1988) investigated the influence of salinity on the distribution of both M.
quinquenervia seedlings and found increasing salinity inhibited growth, with a
marked decrease in height at levels above 16dS/m. Branching was significantly
decreased with increasing salinity to 16dS/m and was almost entirely suppressed
from this point on.
Van der Moezel et al. (1991) subjected four and a half month old M. quinquenervia
seedlings to increasing salinity (using NaCl, MgSO4 and CaCl2) under both drained
and waterlogged conditions. A maximum level of 63dS/m was maintained for three
weeks. Salinity had the most detrimental effect on seedling survival when combined
with waterlogging and provenance appeared to play a role in tolerance as three
provenances of M. quinquenervia had 100, 67 and 69% survival when drained and
38, 53 and 6% survival when waterlogged.
Leaf production of Melaleuca alternifolia was unaffected below 20dS/m, while oil
concentration and quality were unaffected below 40dS/m, at which level the
majority died (Lowe et al. 2000).
Fire
A national map of fire frequency shows Myall Lakes has a fire interval of 5 – 15 years
(Walker 1981). This region has a fire season from mid-October to the end of January
(based on periods of moisture stress and no growth).
If fires follow the frequency suggested by Walker (1981) and if the Paperbarks
respond to fire by releasing the long held seed capsules, one would expect to see
these bands of trees showing episodic recruitment of between 5 and 15 years.
However this does not appear to be the case.
A total of 193 wildfires were recorded in Myall Lakes National Park between 1968
and 1998 with 53% being in late winter early spring (August to October) which is the
driest time of the year, experiencing strong westerly winds (NSW NPWS 2002).
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The fringing forest is an area not always affected by fires. Along the eastern fringe of
Bombah Broadwater the road serves as an effective fire break preventing fires from
reaching the water’s edge. Since 1972 there has been controlled burning to protect
camping areas and structures. Field observations of areas affected by fires along
with park fire records may provide more information of the role of fire in
establishment and recruitment.
Lignotubers
An adaptation for survival found in some Eucalyptus species and other members of
the Myrtaceae family is the lignotuber. This is a conspicuous swelling at the base of
the trunk, at or below soil level, which contains dormant buds. The destruction or
loss of any top growth causes these buds to sucker. Lignotubers are considered an
adaptation to fire or other stresses such as drought, breakage, disease or insect
attack (Gill 1975). Gill suggests that they are more common in species growing in
environmental extremes, where site qualities are low, and regards them as an
adaptive trait for stress recovery. Pettit and Froend (2001) report that Melaleuca
leucadendra and M. rhaphiophylla have the ability to resprout from a lignotuber.
There is no literature on whether M. quinquenervia also has the same ability.
Mortality
The seedling stage is very vulnerable for wetland species. Stress can be caused by
anaerobic conditions, unstable substrate, competition for nutrients and damage
from pathogens and herbivores (Cronk and Siobhan-Fenessey 2001).
In a study in the U.S.A, Lockhart et al. (1999) found causes of mortality of Melaleuca
quinquenervia to differ with growth stage. They suggest that subtropical summer
heat, greater than 32°C, can kill young seedlings within two to three days if soil
moisture is not maintained. Fast root growth means the young seedlings become
more drought tolerant with age. Lockhart et al. (1999) also reported smothering by
algae and submersion to cause death of seedlings.
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The Myall Lakes National Park has various introduced feral and domestic animals
which may play a role in predation of Melaleuca seeds or affect the growth of the
plant. For example, black rats, pigs, rabbits and goats.
Over 400 insect herbivores are associated with M. quinquenervia including sap
feeders and foliage feeders and Balciunas and Burrows (1993) believe that even
ambient levels of these insects can suppress growth. Problems such as galls caused
by an obligate association between flies (Fergusonina spp.) and nematodes
(Fergusobia spp.) are reported to occur on Melaleuca leaf buds and flower buds.
Deformity of the flower buds will in turn affect the production of seed.
Human activity may also impact on the establishment of Paperbark seedlings on the
lake fringe area. The Myall Lakes National Park is one of the most frequently visited
National Parks in northern New South Wales (NSW NPWS 2002). Foreshore erosion,
compaction of soil from trampling, camping activities, removal of vegetation,
collection of firewood and unregulated wood fires all result in the loss of original
understorey and any regrowth trying to establish. Boating activities also increase
turbidity, wash and levels of phosphates and nitrates from dumping of grey water
and untreated sewage.
Frost
Wrigley and Fagg (1993) list Melaleuca quinquenervia as being frost tender, though
Woodall (1980) reports full recovery from a severe freeze of individuals by sprouting
from dormant buds. He recorded longitudinal cracking of bark, loss of all foliage and
fine branches. New growth flushes were damaged and some saplings were killed
right down to the ground but later sprouted from root collars. Hence one may
conclude that they suffer from frost, but have mechanisms which enable them to
survive and regrow. The sprouted regrowth however, is likely to be less aesthetically
appealing and more weakly attached.
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Concluding Statement
This review of available literature has shown that studies of the regeneration
behaviour of Melaleuca quinquenervia are limited in Australia and there are no
reports of any studies carried out in the area of interest, the Myall Lakes National
Park. The majority of literature relates to removal of this species from Florida in the
U.S where it is a major environmental weed and mostly the swampland ecotype.
There is very little solid information on the breeding system of Melaleuca
quinquenervia or seed ecology, with the majority of data coming from the U.S.A.
Alternatively, information is only available for other Melaleuca species (often from
Western Australia) or more commonly, Eucalyptus species. M. quinquenervia seed
dispersal has been studied, though not quantitatively and no seed burial or longevity
studies have been carried out for this species under Australian conditions.
There is little detailed information on germination temperature requirements or the
effects of allelopathy. Information is also lacking on the effects of salinity and
desiccation on germination or very early stage seedlings. However, salinity and
waterlogging studies for this species have been carried out on older sapling sized
seedlings.
There is little information on the management of M. quinquenervia in a conservation
context as studies of mortality in the field have been limited to the use of biological
control agents for the problem Paperbarks in the U.S.
By incorporating both laboratory and field based experiments along with field
observations, this study aims to fill in some of the gaps in the recruitment model and
to provide an overall picture of regeneration behaviour of Melaleuca quinquenervia.
Relating the results of this study to environmental variation in the lake fringe
environment will assist in determining triggers to suggested episodic recruitment of
this species.
The protection of the Myall Lakes area and its vegetation clearly needs to be
continued in order to preserve increasingly rare wetland environments. Even though
the Myall Lakes are under the protection of the National Park, such ecological and
species information can be useful in predicting the effects of climate change, such as
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rising temperatures and changes in sea level, on habitat. Being the dominant species
of the lake fringe, understanding the lifecycle of Melaleuca quinquenervia, will add
to our understanding of this type of vegetation community and lifecycle studies such
as these are increasingly important for long term management.
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The lake system
The Myall Lakes National Park was first gazetted in 1972 and with subsequent
additions it now covers an area of 47,493 hectares (NSW NPWS 2006). It is situated
280 km north of Sydney at 32° 26' S, 152° 24' E. On a more local scale it is
approximately 50km north of Newcastle and 30km south of Forster (Figure 3-1).
This national park contains the only remaining example of a large, coastal, brackish
lake system on the New South Wales Coast that is still in relatively pristine condition
(NSW NPWS 2002). It provides for camping and lake-edge recreation areas as well as
commercial and recreational boating activities.
The lake system is made up of three inter-connecting fresh, brackish and saline
water bodies (NSW NPWS 2002). The largest and furthest north is the Myall Lake
which joins the Boolambayte Lake with its unusual horseshoe shape which, at its
southern end, joins the Bombah Broadwater via a narrow channel called Bombah
Point. The lakes cover approximately 10,000 hectares of waterways and are fairly
shallow. Levels of 3.7 to 4m deep were recorded by Atkinson et al. (1981) and
NPWS (2002) reports a roughly uniform water depth of 2.4 to 3.7m.
Three main water sources enter two of the lakes. The Upper Myall River (which is
joined by the Crawford River at Bulahdelah) and Nerong Creek both drain into the
Bombah Broadwater, and the Boolambayte Creek drains into Boolambayte Lake.
The Myall Lake receives no significant streams. The Upper Myall and Boolambayte
Creek provide the majority of freshwater into the system (NSW NPWS 2002) which is
only drained out by one river, the Lower Myall River, which flows south
approximately 20km into Port Stephens (Palmer et al. 2000). Freshwater can also
come from groundwater drainage from the sand mass of the eastern shoreline
(Atkinson et al. 1981) and from rainfall directly onto the lake.
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Figure 3-1 Location of Myall Lakes National Park
(Map base: Newcastle NATMAP Topographic Map SI56-02 (2004) 4th Edition.)
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Mean water levels of the lakes are higher than the ocean (NSW NPWS 2002) due to
the rivers filling the lakes at a more rapid rate than the small Lower Myall River can
drain them. Osborne (1939) commented on the importance of floods in the area.
These floods may coincide with spring tides on the lower Myall River and cause rapid
northward flow of the water. Generally tidal effect is limited to the Lower Myall
River (Atkinson et al. 1981) and lake level fluctuations of up to 2.8m are caused by
rainfall rather than tides (Palmer et al. 2000).
Salinity of the lakes increases greatly after periods of dry weather, especially if co-
ordinated with high tides in the Lower Myall River (Osborne and Robertson 1939).
Marine water only moves up this river and into the Bombah Broadwater during
periods of very low rainfall (Palmer et al. 2000). Hence the Bombah Broadwater
experiences the greatest variation in salinity and all three lakes can vary significantly.
Osborne (1939) recorded a pH of 7 to 7.5 for the lake water.
Topography and soil
The three inter-connecting lakes occupy an ancient river basin bounded by high sand
dunes on the coast and much older flatter dunes in behind them, described as outer
and inner barrier dunes. The inner barrier was laid down around 60,000 years ago
before the last glacial period, whereas the outer higher barrier is much younger and
was formed after the sea stabilised at its present level about 6,000 years ago (NSW
NPWS 2002). Hence, the Myall lakes are separated from the ocean by a large sand
mass which has accumulated around previous islands and headlands (Myerscough
and Carolin 1986).
According to Osborne and Robertson (1939), land is still being reclaimed from the
lakes and the accumulation of blown sand has caused a gradual shallowing. In
certain areas the accumulation of sand has formed sloping beaches, and dunes of
various sizes have been formed on the inland shore of the lake.
The main rock types are sedimentary with some volcanic and were formed during
the carboniferous period (275 million years ago) within the underlying geological
structure, the ‘Myall Syncline’. The main substrate in the park is the more recent
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quaternary sands, particularly along the eastern and southern sides of the lakes
(NSW NPWS 2002).
The fringing forest soils of the Myall Lakes are described by Myerscough and Carolin
(1986) as being various, but usually highly organic and highly reducing with no profile
development. They describe the eastern lake fringe as ‘lake silts’ and ‘lake shores
with mostly organic muds but also some wave washed sands’. This is encroached at
each headland by inland hills with moderate relief that consist of lithosols and red
and yellow podzolic soils. Just inland from the lake shores are occasional strips of
‘relict sandbars’, the soils here are suggested to be podzols and humus podzols.
The nearby swamp forest of Melaleuca quinquenervia and Eucalyptus robusta
(Swamp Mahogany) has a high water table and also a high accumulation of organic
matter with almost no profile development. The nutrient status is also high,
especially in total nitrogen and phosphorus (Myerscough and Carolin 1986).
The majority of the fringe areas of the Myall lakes have a high probability of acid
sulphate soils being present within the soil profile as bottom sediments in the lake
and also on the foreshore, with depths ranging from 1 to 3m below the soil surface
(Department of Land and Water Conservation - G.I.S Operations 1997). These soils
contain iron sulphides which generate sulphuric acid when exposed to the oxygen of
the air.
Actual acid sulfate soils usually overlie potential acid sulfate soils. Actual acid sulfate
soils are highly acid from being aerated and have a pH of 4 or less. These are often
identified by pale yellow mottles and coatings of jarosite. Potential acid sulfate soils
have not been exposed to oxygen and the pH may be 4 or more or even slightly
alkaline. However once exposed they will become severely acid (Ahern et al. 1988).
Acidic soils are common in coastal areas and do not necessarily contain the iron
sulfide sediments. Organic acids such as humic acid can also produce acid water and
sediments. The pH of these sediments is usually around 4.5-5.5 and they do not
pose the same risk (Ahern et al. 1988).
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Vegetation
There is a diverse range of vegetation communities within the Myall Lakes National
Park. There are 15 different vegetation communities listed (NSW NPWS 2002) with
over one fifth of the vegetation within the park consisting of dry, open forest /
woodland on the well-drained quaternary sands. The main canopy species include
Angophora costata (Smooth-barked apple) and / or Eucalyptus pilularis (Blackbutt)
and Banksia serrata (Old Man Banksia) with an understorey of mainly shrubby heath
species. Closely associated are the ‘Wallum’ heath communities occurring mainly
on flats, dominated by Banksia and Leptospermum species (NSW NPWS 2002).
Melaleuca quinquenervia is part of four different vegetation communities. The first
is the Sub-tropical Rainforest Community which is restricted, the majority being at
Mungo Brush, where the dominant species is Livistona australis (Cabbage tree palm);
the second is the Sedgeland community which occurs in areas that are semi-
permanently inundated and contains occasional Broad-leaved Paperbarks; the third
community is the Broad-leaved Paperbark - Swamp Oak Swamp Forest, while the
fourth is the Lake Fringe Forest. NPWS (2002) combine the last two types under a
general purpose Swamp Forest / Fringing Forest classification but Myerscough and
Carolin (1986) clearly differentiate the fringing forest as a separate community,
which, for the purposes of this study, is a more useful ecological approach.
Within the lake fringe forest, Casuarina glauca (Swamp Oak) tend to dominate at the
bases of old rocky islands and the Paperbarks are more abundant on the more sandy
areas. The Swamp Forest is generally found slightly further back from the lake,
about 20-150m. The Paperbarks differ in form between the two zones. The fringing
types tend to have a more spreading form with a larger diameter at breast height
and tend to occupy slightly higher ground than the swamp types, which are thin and
pole-like forming denser stands where the ground level drops slightly (Figure 3-2).
It is within these areas of the fringing forest, that the majority of camping grounds
are located and other areas subject to periods of intense public use. Recent
concerns regarding public safety from potentially hazardous, senescent trees have
meant this zone is of particular interest to National Parks, as far as whether the
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Paperbark trees are likely to be naturally replaced. Hence this study is focussed on
the fringing forest paperbarks rather than those in the other vegetation
communities.
The associated understorey of the Melaleuca communities is commonly comprised
of Gahnia sp. (Sword rush) often with a ground cover of Blechnum indicum (Fish-
bone fern) (Hitchcock 1974). Baumea articulata (Jointed twigrush) and Cladium
procerum (Sedge), (both Cyperaceae), extend into the water and exclude other
plants from the lake’s edge. Scirpus validus (Cyperaceae) grows thinly in standing
water over mud along with Phragmites australis (Common Reed) (Myerscough and
Carolin 1986). Further from the edge is often dominated by Baumea juncea.
Figure 3-2 Diagram showing Paperbark forest types
A comprehensive list of species found at the Myall Lakes is found in Myerscough and
Carolin (1986) in Appendix 1 and species listed as being in the Fringing Forest
community are listed in Appendix 1 of this thesis along with a list of the different
Melaleuca species found at the Myall Lakes, and submerged and floating aquatic
species.
Climate
The three closest weather stations to Myall Lakes National Park are: Bulahdelah to
the west, located on the upper Myall River approximately 10km from the park
boundary; Seal Rocks, a coastal headland in the north east corner of the park, and
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Nelson Bay approximately 15km from the southern boundary. All three stations are
located within approximately a 22km radius from the centre of the National Park.
Average annual rainfall for these three locations is 1327, 1329 & 1340mm
respectively. According to parks staff, rainfall is often fairly scattered across the
expanse of the park.
The wettest months are in late summer and early autumn and the driest months are
late winter and early spring (Figure 3-.3). Soil moisture status is kept at a high level
throughout the year, particularly from February to September when there is more
likely to be runoff from the catchment (Atkinson et al. 1981). Mean monthly
maximum temperatures for Bulahdelah range from 27°C in summer to 17°C in winter
with minimums of 15°C and 3°C respectively (Atkinson et al. 1981).
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Figure 3-3 Mean monthly rainfall (mm) for the three closest weather stations to Myall Lakes
National Park
Note: Average annual rainfall is: Seal Rocks, 1329mm (from 1898-1991); Bulahdelah, 1327mm
(from 1906-2005) & Nelson Bay, 1340mm (from 1882-2005).
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The catchment
The Myall Lakes catchment (Figure 3-4), is made up of three sub-catchments, (i) the
Myall River sub-catchment, (ii) the Crawford River sub-catchment, and (iii) the Myall
Lake Body / Boolambayte Creek sub-catchment. The combined area is 78,044.56ha
(Mike Smith, Great Lakes council, pers. comm.) and over a third is within the
National Park. The lake system covers a large proportion of the catchment, between
100 and 150 km2 depending on the lake level. This means the lake system is unlikely
to experience any significant ‘flushing’ from upstream and as the tributaries drain
into the bottom two lakes, this is especially so the for the Myall Lake.
About 25% of the catchment land is cleared and under agricultural production, the
remainder is either state forest, national park or uncleared private land (Palmer et al.
2000). Pasture improved areas comprise 9% and are mostly alluvial terraces of the
upper Myall River and its tributaries (Atkinson et al. 1981). They are mostly used for
intensive cattle grazing, dairy farming with sown and fertilized pastures and also
some broiler chicken sheds (NSW NPWS 2002).
Partly cleared and cleared areas make up 14% of the catchment (Atkinson et al.
1981). They are mostly in the northern-most part of the Myall Valley, south to
Bulahdelah and consist mostly of cattle grazing on unimproved pastures though
some superphosphate is still applied as a top-dressing.
The remaining 75% of the Myall Lakes catchment is relatively undisturbed vegetation
made up of state forests, national park and private landholdings. Selected logging
has occurred in the state forests since 1816 (Atkinson et al. 1981) and State Forests
of NSW continues to harvest some of the hillier areas.
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Figure 3-4 Myall Lakes Catchment (map provided by Great Lakes Council, 2007)
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Introduction
This Chapter investigates the first three processes of the recruitment model for
Melaleuca quinquenervia, namely, seed production, seed dispersal and the
interaction of seed with the soil. In order to determine whether there is sufficient
seed input available for germination, the following five sections provide a thorough
examination of the number of seeds produced by the Paperbark trees and their
viability, the quantity and timing of seed fall, termed here as ‘seed rain’, and the
longevity of the seed once it has fallen to the ground.
4.1 Seed Viability Experiment
Introduction
As with Eucalyptus, Melaleuca seeds are mixed with sterile seeds or ‘chaff’ which
number far greater than the viable seeds. In the case of Eucalypts the ratio lies in
the range of 5:1 to 30:1 (Grose and Zimmer 1958).
Rayamajhi et al. (2002) tested the viability of M. quinquenervia and reported the
number of embryo containing seed for Australian material as being 9% compared
with 14% for American seed. Three other Melaleuca species were tested by Rye and
James (1992) who reported viability for Melaleuca densa at 23%, M. suberosa, 17%
and M. teritifolia, 13%.
Meskimen (1962) showed also that the viabilities of M. quinquenervia differ with the
age of the seed capsules. Grose and Zimmer (1958) observed the numbers of viable
seeds per capsules and per cell were also reported to vary within the same tree in
various Eucalyptus species. They also observed variation in ratios in different years
along with different capsule crop sizes. It is important to note that viability numbers
can be affected by insect damage, size of seeds and the chaff proportion, as well as
the level of accuracy in extraction of all seed from capsules.
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A thorough literature search has not found any studies done on the viability of
Paperbark seed compared with the age of parent Paperbark trees. As many of the
fringing forest Paperbarks are mature to senescent (personal observation) it raises
the question of whether the old age of these trees is responsible for low seed
production. If this is the case, lake fringe areas with only a thin line of senescent
Paperbarks growing will perhaps have a lower amount of viable seed available for
germination than other areas.
However, it can often be the oldest individual that dominates the canopy and
possibly has the greatest reproductive output. It may control the largest fraction of
the resources and the recruitment of new seedlings. In a mixed age population it
may often be the oldest tree that colonizes the space created beneath it when it
itself dies. Harper (1977 p. 702) interprets the senescence of trees as being a
consequence of the accumulating burden of respiratory tissue and disease prone
dead material rather than the accumulating expression of sub-lethal genes. He also
postulates that the reproductive potential may theoretically increase indefinitely as
it becomes older and bigger.
The aim of this trial was to determine the viability of seed produced by foreshore
Paperbarks of different levels of maturity. The hypothesis being that the percentage
viability will decline with increasing age of the tree.
Materials and Methods
In order to get some idea of how many seeds to collect for experimental purposes, it
was essential to find out the approximate viability of Melaleuca quinquenervia seeds.
To the inexperienced eye, both fertile and empty seeds are similar in size and
appearance, making it difficult to separate the two visually. Hence, a simple
preliminary germination trial was carried out with seed collected on the initial field
visit from two easily accessed foreshore sites at Myall Lakes, ‘Myall Shores’ and ‘The
Wells’ (Figure 4-1). These seeds were incubated in Petri dishes as per International
Seed Testing Association guidelines (ISTA 1985) at 25°C in the laboratory incubator at
the Plant Breeding Institute (PBI), Cobbitty NSW, and had putative viabilities of 6.6%
and 13.9% respectively.
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For the viability experiment, seed capsules were collected from 12 trees at one site
on the northern side of Casuarina Picnic Area (location is shown in Figure 4-1). This
area was chosen as there appeared to be several age groups of paperbarks
positioned within obvious clusters, including some younger trees. As the actual ages
of the trees was not known, the 12 trees were grouped into three different levels of
maturity, young, mature or over-mature, based on Martin (1996 and pers. comm.)
who used a rating system based on stage of life, in which a tree is placed in a
particular stage in terms of the developmental pattern characteristic of that species.
As the capsules are retained on the tree for more than one season as part of an
aerial seedbank, it was important to collect from the same season’s capsules, that is,
capsules of approximately the same age. The most recently formed fruit was not yet
mature so the previous cluster of capsules was collected for this trial. It is important
to collect from mature fruits but advisable to avoid the oldest fruits due to possible
reduced viability (Rayachhetry et al. 1998; Seed et al. 2006)
Once collected, capsules were allowed to dry and most expelled their seed. If they
didn’t, seed was carefully extracted by hand, using a small brush. Seed was stored at
room temperature until use (this was only several weeks).
During the process of extraction of Paperbark seeds for use in experiments, some
larvae were observed burrowed within the Paperbark capsule, rendering some seeds
damaged and useless. Grose and Zimmer (1958) made a similar observation with
Eucalypts, having a problem with the larvae of small wasps (Callimomidae or
Pteromalidae) and weevils (Curculionidae) feeding on the embryos while seeds are in
the capsules.
As per the international rules for seed testing (International Seed Testing Association
1985) a minimum of 400 seed are required for germination tests. In this case 5
replicates of 100 were used in order to reduce the coefficient of variation as
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Figure 4-1 Location of Experimental sites within Myall Lakes National Park
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germination numbers were expected to be relatively low. Seed was counted out for
each tree and sown into Petri dishes containing moistened filter paper. The surface
of the filter paper was wet to the point of glistening and when tipped sideways a
slight amount of free water could be seen at the sides. The dishes were sealed to
retain moisture and put into a germination room kept at 26°C. Dishes were arranged
randomly in order to account for any variation on the germination shelf. The
measured irradiance level (photosynthetically active radiation or PAR) was 135
µmoles photons/m2/second.
The number of seeds germinated was recorded. Remaining ungerminated seeds
were tested for viability by removing the seed coat with a scalpel and examining the
colour and texture of the embryo. If it was white and firm then it was possibly still
viable and this was confirmed by soaking it in 0.5% 2,3,5 Triphenyltetrazolium
chloride (TTC) for 24 hours, a red embryo indicating viability (Appendix 7).
If, on initial removal of the seedcoat, the embryo was discoloured i.e. yellow-greyish
to brown and also soft and mushy, it was considered no longer viable. Viability
percentage was recorded along with the days taken to reach 50 % of the final
germination percentage (T50).
The experiment was a completely randomised design. Data was analysed in the
statistical program Genstat (Appendix 2A-C). A two-factor ANOVA nested model
(trees nested within maturity class) was used. Percentage data was arcsine
transformed in order to to ensure homogeneity of variance. Differences in viability
means were determined using Least Significant Differences (LSDs). Significant
differences have been presented for original data.
Results
Germination figures were equal to viability figures as there were no remaining viable
seeds that did not germinate. The overall effect of maturity was found to be highly
significant (P < .001). Each maturity class was found to be significantly different from
each other in mean viability (P = 0.05). The young class had the highest mean
viability of 18.25% (Table 4.1).
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Table 4-1 Average seed viability percentage for three maturity classes
Maturity Average viability (%)
Young 18.25 a (± 2.96)
Mature 8.9 b (± 2.26)
Over mature 10.65 c (± 0.77)
Note: figures with the same letter have no significant difference
from each other. Standard errors are in brackets.
The interaction between trees and maturity class was also highly significant (P <
.001). There was also a significant difference between trees within each maturity
class determined by LSDs (P = 0.05) which can be seen in Table 4.2.
Table 4-2 Seed viability percentage for 12 trees of three different maturity classes at Casuarina
Picnic Area
Maturity Class
Tree ID
No. Average Viability %
young 1 26.4 a
young 11 18.8 b
young 2 14.6 c
young 12 13.2 c
mature 8 15.0 a
mature 9 9.6 b
mature 10 6.0 c
mature 4 5.0 c
over-mature 3 12.6 a
over-mature 5 11.0 ab
over-mature 6 10.0 ab
over-mature 7 9.0 b
Note: Within each maturity class, figures with the same letter
have no significant difference from each other, (P= 0.05).
There appeared to be more uniformity in the over-mature age class with a much
smaller range of average viability (3.6%) (Table 4-2). Young trees ranged two-fold in
viability (from 13.2 to 26.4%) and the mature aged trees ranged from 5 to 15%. The
range of viabilities within the mature class overlapped the viability ranges of both
the young and the over mature classes. Average viability for the 12 trees was found
to range between 5 and 26.4 % (Table 4-3)
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Table 4-3 Average percentage seed viability and germination rate
DBH = diameter at breast height,
T50= days taken to reach 50% of the final germination percentage.
Analysis of variance on the diameter at breast height (DBH) of the three levels of
maturity, viz. young, mature and over-mature, showed there was a significant
difference in the DBH between all three levels of maturity (P=0.05) (Table 4-4).
Table 4-4 Average diameter at Breast Height (DBH) for three maturity classes
Maturity Average DBH
Young 12.8a (± 0.85)
Mature 35.8b (± 4.48)
Over mature 77.5c (± 8.54)
Note: figures with the same letter have no significant difference
from each other. Standard errors are in brackets.
This suggests a good correspondence between DBH and Martin’s (1996) criteria for
maturity. Had the criteria been based purely on DBH, this may be considered an
irrelevant comparison but instead, it took into consideration the stage of
Tree
Id.
No. Maturity
Capsule
load
Height
of Tree
(m)
DBH
(cm)
Av
viability
(%)
T50
(days)
1 young light 7 13 26.4 3.0
2 young mod 9 15 14.6 3.2
11 young light 8 12 18.8 3.2
12 young light 8 11 13.2 3.2
4 mature light 14 38 5.0 3.4
8 mature mod 12 47 15.0 3.2
9 mature mod 12 32 9.6 3.2
10 mature light 6 26 6.0 3.0
3 over-mature heavy 17 80 12.6 3.0
5 over-mature mod 16 70 11.0 3.0
6 over-mature light 16 60 10.0 3.0
7 over-mature mod 17 100 9.0 3.0
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development of the tree rather than DBH. A regression analysis showed a strong
relationship (R2 = 0.86) (Figure 4-2), which was highly significant (P=<0.0001)
(Appendix 2C (i)).
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Figure 4-2 Correlation between diameter at breast height (DBH) and tree maturity
Note: for the purposes of this chart numbers 1, 2 & 3 respectively represent the categories Young,
Mature and Over-mature
Though DBH may be a good indicator of maturity (though not always as trees may
exist in a suppressed state) it may not be such a suitable indicator of viability. This is
supported by the lack of correlation found between DBH and viability percentage
(R2=0.17) (Figure 4-3) (Appendix 2C (ii)). This weak association was not significant
(P=0.18) highlighting the variability likely to be found in both measurements. In an
attempt to find a stronger relationship, a correlation between viability and the
natural log (ln or loge) was examined (Figure 4.4 and Appendix 2C (iii)). The
exponential relationship was slightly stronger than the linear one, but it was still very
weak (R2 = 0.28) and also not significant (P=0.08).
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Figure 4-3 Weak relationship between diameter at breast height and viability of seed (P=0.13)
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Figure 4-4 Weak exponential relationship between the diameter at breast height and viability.
Discussion
The lowest average viability of an individual tree was 5% and the highest 26.4%. This
is comparable with Rayachhetry et al. (1998) who reported an average of 15% of
canopy stored seeds of M. quinquenervia contained embryos. Although these
figures seem low, if a tree produces millions of seeds this may not be such an
alarming figure. Low seed set is expected in Melaleuca spp. and is reportedly due to
stigma clogging by self pollen (Barlow and Forrester 1984; Butcher et al. 1992). It
may be also be influenced by a variety of other factors such as resource availability,
incomplete pollinations, pollinator limitation and attraction, ‘bet hedging’, selective
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abortions of ovules or fruits or pre-dispersal seed predation (Fenner and Thompson
2005; Sutherland 1986). The decline in individual fitness due to low population size
or density, broadly defined as the Allee effect, can also be an influencing factor and
this is discussed in Fenner and Thompson (2005) and Courchamp et al. (2008).
The nested analysis suggests that variation between maturity class as well as
variation between individuals within maturity class, are both significant sources of
variation. This study showed that the young age category had the significantly
highest viability though there was some overlap between individual trees of different
age classes.
It is interesting to note that the two lowest viability figures obtained were from trees
classed as mature trees and not over-mature trees as was expected, hence it
appears that although over-mature trees were at the lower end of the scale, one can
not assume all old trees will be lowest in viability. This was exemplified by cases
where an over-mature tree (Tree 3, 12.6% viability) had no significant difference in
viability from several young trees and a mature tree (Tree 8).
The relationship between viability and tree age, and specifically age class, appears to
be a relatively unexplored topic. Atul et al. (2002) differentiated trees into three
different age classes based on diameter at breast height in a study of three
Himalayan species. They found superior germination in two Albizia species trees
classed as ‘middle aged’ and ‘mature’, compared to the other class of ‘young’. In the
other two species studied (Alnus and Dalbergia sp) there was no effect of age class
on germination.
In a study of Bristlecone Pines, some of which were extremely old, (over 4000 years)
tree age was found to be unrelated to seed germinability and the highest
germination figures obtained in the study were from the two oldest trees in the
study (Connor and Lanner 1991).
If trees were age-cored, one could relate viability more accurately to measured age
in years rather than a broad category of maturity based on visual judgement.
However, it should be noted that even age coring can be inaccurate if cores are not
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taken directly through the centre of the trunk and from the base of the tree, which is
not necessarily practical.
Even though diameter at breast height was, as expected strongly correlated with
maturity and hence may be a good indicator of maturity, it is very risky to assume
any relationship between the size of a tree and the age of a tree. We can safely
presume that the very large trees are old, and very small trees are likely to be young,
however, mature looking trees with a DBH on the small side may also be very old,
having spent many years in a suppressed state (Harper 1977 p. 634).
4.2 Estimation of canopy seed stores
Introduction
The number of seeds held in the canopy of serotinous woody species may vary with
plant age, disturbance by animals, pre-dispersal seed predation, and rate of natural
opening of seed holding structures. For most species the canopy seed store
increases with reproductive maturity and then declines with old age (Baskin and
Baskin 1998 p.135).
The density of capsules within a tree crown is a major factor influencing seed stores.
Techniques for estimating canopy seed storage have been developed for use in
regeneration silviculture of Eucalypt forests. These may involve the harvesting or
shooting down of branchlets in order to gain the most accurate estimation of
capsule number or viable seeds per capsule (Harrison et al. 1990).
Based on these principles but minus any harvesting due to the study site being a
National Park, the aim of this section was to gain a general idea of the number of
seeds produced by a typical fringing forest Paperbark tree.
Materials and Methods
Three study sites were selected for easy access to the lake fringe as follows: Mayer’s
Point (M.Pt), Neranie Sands (Ner) and One Horse Sands (OHS) (Figure 4-1).
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Two mature trees were selected as being typical of each location in size and vigour.
Canopy seed supply was estimated using binoculars.
For each tree the height and diameter at breast height (Dbh) were recorded. The
number of inflorescences were counted for 5 typical branches of a similar size and
averaged then multiplied by the number of branches on the tree. The number of
capsules in each inflorescence was counted for 5 inflorescences and averaged and
then multiplied by the number of inflorescences. This was then multiplied by the
average number of seed per capsule, 250-300.
Results
There was a 500 fold variation in the number of seeds in the canopy of the trees
surveyed, with each tree holding from several hundred thousand to over one
hundred million seeds (Table 4-5). The number of seeds in the trees at Mayer’s Point
were fewer due to the generally smaller size of the trees compared with those at the
other sites.
Table 4-5 Estimated seed numbers for 6 trees in Myall Lakes National Park
Site Tree
no.
Capsule
load
Ht
(m)
Dbh
(cm)
Est. no.
branches
Est. no.
inflores-
cences
per
branch
Av no.
capsules
per
inflores-
cence
Est. no.
seed
M.Pt 1 light 11 20 15 50 15 2,812,500
“ 2 light 10 18 10 10 10 250,000
Ner 1 heavy 18 80 90 180 30 121,500,000
“ 2 mod 18 30 70 120 30 63,000,000
OHS 1 mod 18 105 23 280 15 24,150,000
“ 2 mod 18 40 x 5
trunks
27 150 20 20,250,000
Est. = Estimated, Dbh = Diameter at breast height.
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Discussion
By estimating the canopy seed stores, it can be seen that the canopy seedbank is
large and unlikely to be limiting to recruitment. This exercise, though carried out by
an approximate method, shows that there is a large variation between individual
trees in the amount of seeds stored in the canopy. Variation depended on the
combined factors of load of capsules and the size and density of the tree canopies.
The number of seeds held within the canopy also depends on the season. This study
was carried out in July 2006 when flowering had already finished and in addition to
those capsules already stored, immature fruits were forming in most canopies which
were included in the count. Other variables include the tree’s vigour, pollinator
activity and insect infestation.
An interesting area for further study would be whether the number of seeds
produced per tree is related to variation of seed viability and also age and size of the
tree. An examination of this sort would require a more thorough survey of a larger
sample of trees, and the same trees would require seeds to be collected for
germination / viability tests.
Another area for more detailed study would be to determine the fate of capsules
and how often they are formed. Frequently, seed could not be collected due to only
the most recent immature capsules being present and no older clusters persisting on
the branches. The reason for this is not known. For example, it was noted that the
number of clusters seemed particularly low in some trees, especially when compared
with street trees of the same species in Sydney which often have three or more
sequential capsule clusters.
One possible explanation of reduced numbers of capsules is the formation of the
‘puffball gall’ Sphaerococcus (?) ferrugineus (D. Burrows pers. comm.) which appears
to mutate new bracts, either apical (leaf) or floral, hence preventing the formation of
flower buds. Though this gall does not seem to be present in great numbers, it
warrants further study as it may play a significant role in reducing the amount of
seed available for regeneration.
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4.3 Seed Rain Experiment
Introduction
Seed rain is defined as the release of seed or fruit from the parent plant once the
seed has matured (Jensen 1998). Measuring seed rain is the first step in quantifying
the reproductive potential of vegetation (Page et al. 2002) and collection of litter fall
(leaves, seed and other plant parts) is an integral part of many ecological studies.
Studies done on Melaleuca litter fall in Australia are limited (Bolton and Greenway
1997; Congdon 1979; Finlayson et al. 1993; Greenway 1994), none of which measure
actual seed rain, only other plant parts such as leaves, flowering parts etc. A study
on litter fall of M. quinquenervia by Greenway, in south eastern Queensland (1994)
found a seasonal pattern with peak leaf fall in spring and summer. In South Florida,
Van et al. (2002) found no seasonality in the fall of M. quinquenervia seed capsules
(which they believed resulted from the continual self-thinning of twigs and small
branches) over two years. They did not measure seed rain. Also working in Florida,
Rayamajhi et al. (2006) on the other hand found that the sequence of mature seed
capsule fall tended to follow total litter fall trends which peaked in April, July and
October (spring to autumn).
These studies also measured total litterfall though it is difficult to compare directly
due to differences in sampling methods and also in tree densities in the various
studies. In South Florida Van et al. (2002) report 650 to 900gm-2 yr-1. Greenway
(1994) reported annual litterfall values of 764 and 809gm-2 yr-1 on two different sites
in Queensland. These figures were reduced to 725 and 675gm-2 yr-1 respectively
during a drought year. Finlayson (1993) reports 700 and 1500 gm-2 yr-1 in two
separate studies and states that these figures suggest high productivity compared
with many Australian forests.
Examination of the contents of the litter components gives a good indication of
Melaleuca flowering phenology. Floral bracts shed during the early stage of
flowering generally precede or coincide with peak flowering, whereas the presence
of flower parts and aborted capsules in the traps indicates flower senescence and
early fruit development. Also new shoot growth, which usually occurs after
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flowering, coincides with the large amounts of foliar bracts in the traps (Van et al.
2002).
Van et al. (2002) observed flowering in early Autumn to late Spring, with peak
production around winter as did Rayachhetry (1998) who found bud scale, floral
structure and immature capsule fall peaked during October to January (autumn to
winter). In Australia new leaf growth begins immediately after flowering and
continues into early Summer (Greenway 1994) with little new growth during the
summer months.
A number of seed fall and seed supply studies have been carried out in Australian
Eucalypt communities (Burrows and Burrows 1992; Cunningham 1957; Harrison et
al. 1990); (Setterfield and Williams 1996). Eucalypts can store seed over several
years in the canopy, though some species such as E. miniata and E. tetrodonta were
not observed to follow this rule, with their seed production varying substantially
between years depending on the densities of floral bud initiation per tree.
The storage of seed in the canopy or ‘aerial seed banking’ is also exhibited by
Melaleuca quinquenervia as seeds are held for an indefinite period in the woody
capsules (Woodall 1982), seed is not all released at the one time. This is not an
uncommon phenomenon with at least 1200 species worldwide in 40 woody genera
retaining their seed on the plant for an extended period (Lamont and Enright 2000).
These species may often be referred to as ‘serotinous’ meaning prolonged storage of
seeds. The advantage of this tactic is that seed is kept available for massive seed fall
following disturbance or a natural event when conditions may be optimal for
germination.
In order to understand the recruitment cycle of the Broad-leaved Paperbark tree one
must gain some idea of the following: (i) the reproductive potential of the trees, (ii)
whether there is a peak period for seed fall, and (iii) whether there are any
correlations between seed rain and other litter fall components such as leaves or
capsules. To ascertain this, a seed rain experiment was set up over a 12 month
period to estimate the amount of seed rain from selected Paperbark trees at various
sites within the fringing forest zone of the Myall Lakes.
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Materials and Methods
Trap Construction.
A total of 7 seed traps were constructed to collect falling litter and seed. In order to
construct a trap for Paperbark seed, a design was required that incorporated the
following features.
1. It had to be durable to withstand 12 months exposure to the elements, i.e.
sun rays, strong lake winds, rain, changing lake levels and fire etc.
2. It had to be constructed out of material that would on the one hand trap
seed that is smaller that 1mm, and on the other hand allow rain to drain through.
3. It had to be easily transported to the site
4. It had to be easily collected once a month and its contents removed
After obtaining information from several reviews and articles on seed trap design
(Burrows and Burrows 1992; Cunningham 1957; Hughes et al. 1987; Page et al. 2002;
Schott 1995) various fabrics were tested for their capacity to filter seed. A trap was
then constructed using green Ripstop® nylon for durability with a polar fleece section
in the middle to catch the small seed while also allowing water to drain out (Figure
4-5).
Each trap was of a square shape forming an upside down pyramid shape once
erected. Traps were suspended with nylon rope from four steel posts driven into the
ground to a height of approximately one metre. The centre of the pyramid was held
down by Nylon straps. These were in turn pegged into the ground and counter
weighted with large fishing sinkers. This system proved very effective in ground that
was intermittently wet or dry depending on the lake level and in an environment
that was often very windy being on the edge of a lake.
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Figure 4-5 Seed trap at Mungo Brush
Trap Installation:
Six different study sites around the park were chosen in order to be inconspicuous to
the public to avoid vandalism and green fabric was chosen for this reason also. Traps
were then installed in the foreshore zone under the outer third of the canopies of
the Paperbark trees. A seventh trap was installed between the canopies of several
trees to ascertain whether seed is also intercepted in gaps beyond the canopy line of
trees.
The traps, once installed, covered an area of 1.6m2. The seven traps were located as
follows: (See also Fig 4-1 for location of these sites).
1. Mungo Brush (MB-F)
2. Mungo Brush in gap between canopies (MB-G)
3. West Legges (W.L.)
4. Korseman’s Landing (K.L.)
5. Mayer’s Point (M.Pt)
6. Neranie sands (Ner)
7. One Horse Sands (OHS)
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Many trees have the majority of their canopy overhanging the water making it
difficult to install a trap under them. In some cases traps were installed under a
more accessible canopy a few metres in from the lakes edge.
Trap collection:
Traps were collected at near monthly intervals, a total of 11 times over 12 months,
and replaced with a fresh trap at each site throughout the year. This ‘swapping’,
reduced the exposure of the nylon to the elements from a year to 6 months greatly
prolonging the life of the traps.
Once traps were collected they were hung out in the sun or in a warm room allowing
contents to dry in the traps, if they were wet. They were then brushed out and put
into glass jars for return to the laboratory where they were stored under cold, dry
conditions until processed.
Processing of samples:
Contents of the seed traps contained not only seeds, but other plant parts and trash,
(the very fine component that appeared to consist mostly of fine particles of bark
and insect faeces). The fine Paperbark seed generally accumulated in a dusty mass
at the bottom of the jars. The larger litter items such as leaves, capsules and
flowering parts were sorted, weighed and / or counted and recorded in grams per
m2.
The remaining fine component, which included the Paperbark seed, was sieved to a
size that included the seed, this worked out to be the fraction between 177µm and
710µm. This fraction was then hand aspirated using a threshing tray to remove as
much trash as possible.
This fraction was bottled and labelled as ‘Seed plus trash’ and weight recorded. Seed
fall was then calculated as g/m2.
From this fraction, four samples of 0.05g were taken in a uniform manner and
spread out on agar (at strength 7g/l) in 9mm Petri dishes. They were put into the
germination room at an optimal germination temperature of 25°C (see Chapter 5).
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The numbers of seed that germinated were counted and the total number of viable
seed per collection was calculated. This was in turn converted to the number of
viable seed per m2 for each (near) month for each location.
Results
A summary graph showing the mean number of viable seeds per m2 over all seven
sites shows very clearly the rise in seedfall during the warmer months (Figure 4-6).
The results show a clear drop in seed number during the autumn/ winter months
(May to August 2006) after an initial summer peak in the month collected in late
March ‘06. There then appeared to be a mild peak in spring, around October ‘06
before another rise to higher numbers in December ‘06 and January, February ’07.
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Figure 4-6 Summary graph showing mean number of seeds trapped per m2 across all sites
Note: bars represent standard errors of the mean
Estimated seed fall per m2 for each individual site is illustrated in Figure 4-7 and the
proportion of estimated yearly viable seed that fell each month for all traps except
Mungo Brush and Neranie (as total yearly viable seed fall could not be calculated due
to missing data) is illustrated in Figure 4-8. Seed fall seemed to follow a similar trend
at all locations except for West Legges which did not have an initial peak in March
‘06 and Mayer’s Point which seemed to drop off after an October peak and never
recovered.
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Figure 4-7 Estimated total viable seed fall per m2 over 12 months
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Figure 4-8 Proportion of the total estimated yearly viable seed fall that fell each month
Note: Two locations (Mungo Brush and Neranie) are omitted due to missing data, which meant that
the total yearly viable seed fall could not be calculated for those two sites.
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West Legges produced far less total litter compared to other sites. This may have
been due to the trap being on the windy side of the tree (no different to others) and
also being in close proximity to a public walking track. Alternatively the tree may
have been a low producer. At Mayer’s Point a fire occurred on October 12, ‘06
which was observed to cause a mass release of seed, with many capsules opening
and seed visible on the dry ground. This may have been the reason for the lower
numbers during the following summer.
The amount of seed at the final collection in February ‘07 is most likely an
underestimate due to the warm and moist weather conditions causing some of the
seed to germinate in the traps during collection. These germinated seeds were
counted (or estimated due to the time consuming and optically challenging nature of
this task) while still in the traps and added to the final count of seed that was
processed in the normal way.
The only correlation found between the different components was between the
number of capsules fallen and the weight or number of seed. The strongest
correlation was at West Legges (R2 = 0.84, P=<0.0001) (Figure 4-9, and Appendix 3a)
implying that most seed in the trap was the product of the capsules that fell in the
trap as opposed to loose seed.
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Figure 4-9 Correlation of seeds in trap with capsule fall at West Legges
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At Mungo Brush Gap (MB-G) the opposite effect occurred with the trap not being
directly under a canopy, capsule fall being less likely to contribute to seed numbers
(R2= 0.34, P=0.06) (Appendix 3).
Neither weights of flowering parts, capsule number or Paperbark leaf litter showed
any obvious correlation with seed fall. There was no obvious pattern to capsule fall
(Figure 4-10) though it did have greater numbers during March ‘06 at 5 sites out of 7.
Numbers also rose in November ’06 at Mayer’s Point, which was most likely due to
the fire in October.
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Figure 4-10 Number of capsules fallen each month over 12 months
Table 4-6 Total litter for 12months in g/m2
Site leaves Flowering
parts
capsules twigs <10mm
diameter
bark
>4mm
seed plus
fine
trash
total
MB-G 157 34 22 19 5.8 18 256
K.L 209 8 20 15 6.6 13 271
W.L. 26 10 19 11 0.9 5 72
M.Pt 69 2 14 5 0.4 9 99
OHS 199 19 76 23 4.4 13 334
Av %
of total 61 7 16 8 2 7
Note: NER and MG-F omitted due to missing data
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The total weights of the main components of litter fall are recorded in Table 4-6.
The majority of the Paperbark litter was leaves averaging 61% followed by capsules
(16%). Leaf litter fall (Figure 4-11) was low in the winter months and peaked in
spring and summer (October to February 07). Total Paperbark litter fall ranged from
72 to 334 gm-2 yr-1 at the different sites.
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Figure 4-11 Leaf litter per m2 over twelve months
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Figure 4-12 Twig fall per m2 over twelve months
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Twig fall (Figure 4-12) peak more often in the summer months but also at scattered
times at different sites during the rest of the year. Twig fall was measured by
weighing twigs under 10mm diameter, the few larger sticks that fell were removed
from the traps and not included in the ‘litter’.
The amount of bark shed (Figure 4-13) was very little, though appeared to peak over
summer ‘07. A component of bark was shed as fine powdery pieces which had to be
aspirated from the seed component. This part was too fine to collect and weigh
separately.
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Figure 4-13 Bark shed per m2 over twelve months
Flowering parts fell in two peak periods, one around May and one around October
06. Flowering was observed during March and April 06, which explains the April
peak (Figure 4-14). The peak in October may well have been due to the fall of foliar
bracts which coincide with new shoot growth. It was difficult to separate the
different types of flowering parts, hence the weights reported consisted of bracts,
staminal rings, and aborted flowers each of which fell at different times.
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Figure 4-14 Flowering parts per m2 over 12 months
Discussion
There does not appear to be any seasonality to capsule fall, which accords with the
Florida observation of Van et al. (2002) Leaf fall was comparable to Van et al. (2002)
and Finlayson et al. (1993) both reporting 70%, though not with Congdon (1979) who
found Melaleuca cuticularis leaves comprised 36.5% (perhaps due to the smaller leaf
size of this species).
Reproductive material in this study combined flowering parts and seed and
comprised 14% of total Paperbark litter also comparable with Van reporting 11%.
The peak leaf litter fall in spring and summer was the same as the seasonal pattern
found by Greenway in 1994. This differed from the timing of flowering parts which
were not present at all during this period, but peaked in autumn, which is in line with
the autumn through winter flowering patterns reported from the United States.
The range of total litter fall figures were roughly three to five times lower than the
figures reported by Finlayson et al., (1993) Greenway (1994) and Van et al. (2002).
This suggests that during the period of study the trees at Myall Lakes were less
productive compared with those of the reported studies. This may be due to the
very dry conditions experienced over the year. Also there are differences that are
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likely to occur between studies such as tree densities and the number of trees
studied, which in this study was only 1 tree at each site.
During this study period (February 2006 to Feb 2007) seed rain ranged between 5
and 18 gm-2 yr-1 at the various sites. This was estimated to be between around 6,200
to 15,000 viable seed m-2 yr-1. The practicality of estimating seed fall has its limits
and figures are likely to be underestimates due to possible predation and dispersal
of seed, prior to landing in the traps. Seed numbers would also vary depending on
the position of the trap under the canopy as the Paperbarks are not a symmetrical
shaped tree and are also subject to strong onshore winds. None the less, the figures
are a useful indication for recruitment studies, providing at least some idea of the
scale of seed fall and seasonal patterns.
Peak seed fall occurred during summer and was most likely due to the higher
temperatures and greater duration of the warm part of the day. The hot dry
conditions of summer would induce the opening of serotinous capsules resulting in
the release of seed.
Seed supply was continuous all year round. The increase during the hotter months
and the distinct reduction during the winter months suggests that there is a seasonal
pattern to seed fall and that conditions are most suitable for seed release over
summer. Based on the estimated numbers of viable seed per m2, there appears to
be generous numbers of seeds falling during the warmer months and hence available
for germination to proceed. Whether or not summer is the most suitable period for
germination is examined in detail in Chapter 5. During the winter months, some
viable seed is still released but the numbers are about one tenth that of summer. If
the mortality rate of the young seedlings requires seed numbers to be in the
thousands per m2 then the winter seed numbers are unlikely to be sufficient for
regeneration to succeed.
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4.4 Investigation of Seed banking and Longevity of Melaleuca
quinquenervia seed.
Introduction
Seeds in the seed bank are continually added to by a seed rain and if the existing
stand of vegetation is destroyed, the seed bank is an important source for the
regeneration of new plants. As a rule, however, tree seeds do not accumulate in the
soil seed bank, instead, regeneration can be on other tactics such as aerial
seedbanking, serotiny, or response to an event or disaster by dispersing fresh seed
e.g. Eucalyptus spp. (Harper 1977 p. 633).
Once seed is dispersed, it can become lost to the soil bank via predation, old age,
microbial attack, physical decay or germination. The conditions likely to cause rot of
the seed appear to be those that are just short of suitable for germination or those
which permit germination extremely slowly i.e. temperature or moisture conditions
that are just too low for germination (Harper 1977 p. 102). Fungi can damage the
seed by the production of enzymes that destroy specific compounds and by toxins
which inhibit germination and break down membranes (various studies reported by
Baskin and Baskin 1998 p. 158).
Even in the absence of fungi, and pests, seed viability will inevitably decline with age
as mutations accumulate during the period of storage, and irreversible biochemical
changes occur, eventually leading to death of the seed (Harper 1977 p. 99).
On the other hand, seed deterioration may be held in check or suppressed by
dormancy in the case of imbibed seeds. They have been reported to carry on a
variety of activities, with no accumulation of genetic or structural damage and actual
repair of molecular damage (Toole and Toole (1953), Villiers (1971, 1974) & Villiers
and Edgcumbe 1975 as cited by Baskin and Baskin 1998 p. 157).
Melaleuca quinquenervia seeds do not appear to have any self-burial mechanisms
though, being small and wedged shaped, they are likely to move down loosely
textured soils with percolating rainwater. Burial may also occur due to falling leaves,
activities of earthworms, birds and small animals.
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Reports of the longevity of Melaleuca species in the soil differ. In Western Australia,
Pettit and Froend (2001) noted low numbers of Melaleuca rhaphiophylla and M.
leucadendra seeds in the soil seedbank possibly due to predation by ants. Viability
of these two species was lost after 6 months burial.
However, American studies on longevity of M. quinquenervia seed in the seed bank
suggest that it will lose viability after 2.3 years in dry sites and around 1.5 in wet sites
(Van et al. 2005).
As there are no details regarding M. quinquenervia seed in the soil seedbank or the
longevity under Australian conditions, it was considered relevant to investigate both
these issues.
4.4.a Investigation of the presence of Melaleuca quinquenervia seed in
the soil seedbank
Materials and Methods:
To examine the number of Paperbark seed in the soil bank in the Myall Lakes fringing
forest, 50mm diameter soil cores were taken to a depth of 80mm using a core
sampler (Figure 4-15) under and around Paperbark canopies at three field sites.
Suitable trees for sampling were limited as canopy spreads were often under the
influence of the neighbouring paperbarks. Hence only three trees were sampled. At
Neranie and One Horse Sands (Figure 4-1) ten samples were taken in a circle within
the outer third of the canopy of a mature Paperbark. At The Wells, 20 samples were
taken under a relatively isolated tree in a cleared area. 4 samples were taken in 5
directions extending outward from the trunk in 1 metre steps (Figure 4-16). This
design was in order to see if numbers of seed changed with distance from the trunk
of the tree.
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Figure 4-15 Core sampler with tins used to
transport cores
Figure 4-16 Layout of core samples taken at
The Wells
In order to assess the presence of Paperbark seed in the soil bank they have to be
quantified in some way. As the Paperbark seed are so small, traditional sifting
methods are impractical. An approach was taken of ‘germinating the seed out’. This
meant only the viable or germinable seed could be counted and not the empty or
‘chaff’ seed. It was not considered necessary to count the chaff.
Cores were kept moist while being transported back to the laboratory and spread
out onto trays containing wet vermiculite and shielded with a plastic cover to
incubate the seed (Figure 4-17). Trays were kept in a microclimate with 25-18°C
alternating day/night temperatures. Conditions were ideal for the Paperbark seed to
germinate (as determined in Chapter 5) and once they reached the three to four leaf
stage their identity was confirmed (by pinching the leaves smelling the aromatic oil
produced by this species) and numbers recorded (Figure 4-18). Soil from the cores
was spread out evenly on the trays with the surface soil at one end of the tray, soil
from 40mm depth was halfway along the tray and that from 80mm depth was at the
other end of the tray. This allowed the depth of viable seed to be estimated.
Seed density was calculated in numbers per square metre. As seed density in most
soils declines rapidly with depth it is common practice to express density per unit
area rather than volume (Fenner and Thompson 2005).
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The 20 samples taken at the Wells were analysed for difference with distance from
the trunk using ANOVA (oneway) in Genstat 9th Edition statistical program. It was
not possible to do this at the other two sites as trees were too close together.
Figure 4-17 Inside microclimate room: Trays with
core samples spread out on vermiculite
Figure 4-18 Young Paperbark seedling at the four
true leaf stage
Results
Only small numbers germinated even though conditions were suitable for
germination. Table 4-7 shows mean number of viable Paperbark seeds per core and
the corresponding density in seeds per m2. None of the core samples showed any
viable seed below approximately 20mm .
Table 4-7 Viable seeds in soil cores
Field Site Average no. viable
seeds per soil core
Approximate no. of
viable seeds per m2
Neranie 1.1 0.56
One Horse Sands 2.0 1.02
The Wells 3.0 1.53
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The Wells cores did not show any obvious pattern of seed distribution under the
canopy. The number of seedlings in each core ranged from 0 to 8. Analysis of
variance showed there was no significant difference in viable seed numbers between
the different distances from the trunk (P= 0.05) (Appendix 4a).
Discussion
This study indicates the minor role played by the soil seed bank for Melaleuca
quinquenervia. Low viable seed numbers suggest that M. quinquenervia does not
utilize seed banking in the soil to any great extent. Alternatively, the seed does not
remain viable in the soil for any length of time.
M. quinquenervia was also found to have most of its seedbank on the soil surface or
in the first few millimetres. Surface seeds are more vulnerable to predation and
environmental extremes than more deeply buried seeds which survive longer and
may form a persistent seedbank.
However, not being buried at great depth is likely to be advantageous for M.
quinquenervia. Being a small seeded species, being closer to the surface, requires
less food reserves to extend the photosynthetically active parts to the surface
(Baskin and Baskin 1998) and gives more access to light, which is often a
requirement for small seeded species (Milberg et al. 2000b).
Woodall (1982) suggests aerial seed banking is more likely for this species and this is
indicated by the retention of the protective woody capsules on the trees for several
seasons.
Further study would be of interest on the level of seed predation in the field as this
may contribute to the low numbers found in the soil. A preliminary examination
found ants were able to locate Melaleuca quinquenervia seed when it was placed
near their nest, and they promptly transported it into their nest. This study,
however, was not carried out at the field site.
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4.4.b Melaleuca quinquenervia seed burial trial
Materials and Methods
Twelve parcels containing 50 potentially viable or ’full’ seed were buried
approximately 20mm deep in the sandy foreshore soil at Mungo Brush camping
ground Myall Lakes. The experimental site was in a fenced exclusion zone, hence
unlikely to be disturbed.
Parcels were constructed out of nylon mesh stocking material (Van et al. 2005) and
fastened with fishing line. They were then buried in April 2006 in the soil to a depth
of 20mm as this was the maximum depth at which seeds were found in the soil seed
bank study. The experimental site was under a mature Paperbark canopy and the
position marked with a peg. Each month 1 parcel was removed from the soil,
returned to the lab and the seed extracted from the parcel. The seed was examined
under the microscope for any signs of germination or deterioration. The seed was
then placed on a moist filter paper in a Petri dish and put in the seed germination
room at 25°C for 21 days.
The numbers of seeds germinated were counted and the remaining ungerminated
seeds were tested for viability with 0.5% 2,3,5 Triphenyltetrazolium chloride (TTC)
(Appendix 7).
This experiment was replicated in time, rather than at the parcel level.
Results
The seed survival curve (Figure 4-19) shows no decline after 2 months, with 100%
germination, and viability was still very high after 6 months burial (97.9%). After 12
months, viability was reduced to 36%. There was noticeably reduced viability in the
parcel retrieved after 7 months. It is difficult to pinpoint the reason for this, but it
does indicate the variation possible in longevity most likely due to biotic factors such
as fungal pathogens or insect attack. On closer observation of these seeds, they did
not show any obvious signs of insect damage or disintegration, but appeared black
and still intact.
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Figure 4-19 Seed survival curve for 12 months burial in soil at Mungo Brush, Myall Lakes National
Park (May 2006 to May 2007) based on monthly retrieval of individual parcels of 50 filled seeds.
The Mungo Brush site where the seed was buried was mostly shaded by mature
Paperbark canopies and the soil surface was often moist. The site was temporarily
inundated in November 06 (month 5) and the parcel had to be retrieved by locating
it in the soil under the water. Inundation did not noticeably affect that seeds’
viability as it remained at 97.9%, but it may explain the decline in month 7.
By fitting a survival curve to the seed burial data, one can make an estimation of the
amount of time before complete loss of viability. Seed survivorship curves for long –
lived seeds (lasting more than 1 year) buried in soil are generally thought to follow
Deevey Type II or log-linear curves implying that the seeds have a constant
probability of death (Lonsdale 1988). Fitting the data obtained in this study to a log-
linear or exponential decline curve gives a relatively good fit (R2 =0.65) (Figure 4-20)
with a very long period expected for complete loss of viability (> 85 months).
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Figure 4-20 Fitting the log-linear curve to survivorship for Melaleuca quinquenervia based on 12
months burial in soil at Mungo Brush, Myall Lakes National Park (May 2006 to May 2007).
This curve is exceeded in goodness of fit by a linear decline in survival (R2=0.69,
P<0.0005) (Figure 4-21) (Appendix 4b) in which case complete loss of viability would
be expected at around 26 months.
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Figure 4-21 Seed survival curve for 12 months burial in soil at Mungo Brush, Myall Lakes National
Park (May 2006 to May 2007) with the polynomial curve (R2=0.83) predicting complete loss of viability
at 15 months.
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The best fitted curve, however is a polynomial trend (R2=0.84) leading one to predict
complete loss of viable seed by about 15 months (Figure 4-21). This is comparable
with Woodall’s (1980) finding that superficially buried M. quinquenervia seed
survives at least 10 months and also Van et al.’s (2005) result of 18 months for
seasonally or permanently flooded sites.
As reported in previous germination studies (Rayachhetry et al. 1998; Van et al.
2005), in this current study there was very little difference between germination
figures and viability figures, with only 1 seed out of 550 remaining viable without
germinating after retrieval. Hence there was no dormancy effect induced by the
burial of the seeds.
A number of seeds germinated while still buried (Table 4-8), the 5 that germinated
while buried in the first month (marked in bold) did so during transport of the parcel
back to the laboratory so they were included in the number remaining viable.
Table 4-8 Number of seeds remaining viable after burial at Mungo Brush
(Based on sample parcels containing 50 embryo filled seeds at each sampling date)
Time
buried
(months)
Collection
Date No.
viable
seed
buried
No. seeds
germinated
while buried
Total
number
viable seeds
post burial
% seed viable
post burial
0 28/4/2006 50 0 50 100.0
1 30/5/2006 49 5 49 100.0
2 10/7/2006 50 0 50 100.0
3 3/8/2006 50 0 48 96.0
4 5/9/2006 48 3 45 93.8
5 6/10/2006 50 3 45 90.0
6 6/11/2006 47 3 43 91.5
7 9/12/2006 50 2 26 52.0
8 9/1/2007 50 2 35 70.0
9 10/2/2007 50 7 36 72.0
12 6/5/2007 50 4 18 36.0
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From 9 months on, all seeds that had germinated during burial had died and
disintegrated and were considered lost to germination and hence not included in the
percentage viable seed post burial. Hypocotyls had extended to about 10mm length
before they exhausted their resources. At 12 months most of the dead seed had
started to deteriorate and it was hard to distinguish those which had germinated
already as the hypocotyls had partly decayed.
Discussion
The survival curve for Melaleuca quinquenervia seed appears to follow a polynomial
decline. Even though a log-linear decline is generally thought to be more common
other curves can occur and Baskin and Baskin (1998) report studies where Deevey
type I curves occurred (Spence 1990 and Lunt 1995) for several species with a slow
initial decline in viability followed by a rapid decline.
Melaleuca quinquenervia appears to have shorter longevity in the soil in comparison
to other Australian species that have a persistent seed bank, such as the fire prone
Myrtaceaous species Kunzea ambigua and K. capitata (Auld et al. 2000). Burial
studies of these species were found to have seed half lives in the soil greater than 2
years. With the seeds from Mungo Brush, Myall Lakes, complete loss of viability was
predicted at 15 months.
The persistence of seedbanks is reported to differ between species and, as shown in
a study on arid Acacia species (Auld 1995), appears to be related to the level of
dormancy exhibited.
Seed survival is no doubt influenced by the environment in which it is buried. Van et
al. (2005) found the rate of loss of viability appeared to depend on the moisture
content of the soil, with Paperbark seeds buried at the wet sites losing viability much
faster than those buried in dry sites. Hence expected seed survival in the fringing
forest would depend on the frequency of inundation in this area.
The soil type is also a factor, as Van et al. (2005) also found Paperbark seeds survived
longer in sandier soils rather than organic soils (up to 2.3 yrs) and they suggested an
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explanation for this is possibly the amount of soil biota and its influence on the
decomposition process.
Depth of burial can influence viability decline as seeds buried at greater depths are
exposed to less environmental extremes. Paperbark seeds buried close to the
surface have been reported to lose viability more rapidly at the surface due to
greater environmental extremes and also seed germination (Van et al. 2005). This
experiment did not investigate seed viability at greater depth as my previous study
of the soil seed bank shows seed is only present at depths of up to approximately
20mm. It would be interesting to test longevity in the more sandy soil of the lake
bed.
Longevity tests are used by the Millennium Seed Bank to compare seed of different
species. Unlike this field burial experiment that is subject to effects such as
temperature, moisture, pathogens and insect activity, these tests use carefully
controlled conditions as follows: From storage, seeds are rehydrated to equilibrium
with 47% RH at 20°C, then aged at 60% RH at 45°C. Samples are withdrawn at
random on specified days and sown in a germination test under appropriate
conditions. A cut test is performed at the end of each germination test to determine
viability and the germination data is plotted as a seed survival curve.
A longevity test on Melaleuca quinquenervia seed I sourced from the Myall Lakes has
been carried out by staff at Mt Annan RBG. It has been shown to be a relatively
long-lived seed with similar longevity to other Australian Myrtaceae species under
aging conditions of 60% RH at 45°C (A. Martyn pers. comm.). Under the controlled
conditions of the test, seeds which had been sorted to remove any embryo-less or
damaged seeds were still 92.6% viable after 324 days (Martyn, unpublished data).
This highlights the difference between field and laboratory studies. It does however
show that this species can survive for decades at low moisture content and
temperature i.e. optimal storage conditions.
Further study on the resistance of Melaleuca quinquenervia seed to decay would be
of great interest. Some seeds produce chemicals such as flavonoids, phenolic
compounds and tannins that inhibit fungal growth, or their seed coats provide a
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mechanical barrier to hyphae even though they are still permeable to water (Baskin
and Baskin 1998 p.159).
The field burial experiment is a useful method of determining likely survival under
field conditions and shows quite different results to the controlled longevity test.
Both tests however indicate M. quinquenervia seed is very resilient.
From seed numbers found in core samples it is fairly clear that soil seed banking
plays a minor role in the regeneration of Paperbark trees. However, the burial
experiment has shown that if the seed source is removed, for example, an isolated
tree dies and loses all its seed to the soil, its seed will be able to survive in the soil for
approximately 15 months to 2 years. This limits germination to this timeframe. At
the end of this period most of the seed would be expected to have deteriorated
completely.
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Chapter 5 Key Requirements for Germination
Introduction
Investigation of seed production, dispersal and longevity in Chapter Four suggests
that seed input is not a limiting factor in the recruitment cycle of the fringing forest
Paperbarks. Production of massive numbers of seed appears to compensate for the
relatively low seed viability. Aerial seedbanking and a continuous year-round release
of seed reduces the importance of the soil seed bank, though it may contribute to
some extent with seed viability being unaffected for the first six months. Having
determined this, it is of interest to know whether the seed is capable of germination
without light and from what depth in the soil.
Having determined that seed fall is significantly higher in the warmer months it is
also important to determine the optimum temperature for germination.
The following three experiments, 1. Temperature optimisation, 2. Light dependency
and 3. Depth of planting, will provide significant information in relation to the
germination stage of the recruitment cycle.
5.1 Temperature Optimisation Experiment
Introduction
Myers (1975) conducted experiments to determine optimum germination conditions
which were subsequently reported by Rayachhetry et al. (1998), as being 23-26°C
under alternating 12 hour wet and dry cycles or while continuously wet. From the
same source Turner et al. (1998) reported germination occurring within 3 days of
wetting.
Stewart and Stewart (1995 p. 57) report successful germination of Melaleuca seed
on sand or seed raising mixture, along with other native species with small, fine seed
such as Eucalyptus and Callistemon.
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Germination experiments done in the laboratory can be a useful indicator of
germination requirements in the field, the most favourable times of the year can be
estimated using temperature response curves (e.g. Lodge and Whalley 1981).
Thermal time is a concept used to describe germination and emergence behaviour of
seeds. An individual imbibed seed below its optimum germination temperature
completes germination when it has accumulated sufficient heat units in relation to a
base temperature threshold (Black et al. 2006). This concept has been used in
modelling of weed seed germination (Benech-Arnold and Sanchez 1995) and in
germination studies of crop species (Ellis and Barret 1994; McDonald 2002).
The objective of this study was to determine the optimal temperature for
germination and by employing the concept of thermal time, gain an indication of the
most likely time of year that germination will occur at the Myall lakes.
Materials and Methods
General method for seed collection and preparation for use in germination
experiments
Seed was collected from the Myall Lakes foreshore trees using a telescopic pole
pruner to remove small twigs bearing capsules. Capsules were kept cool during the
field trips and then transferred to paper bags back at the laboratory and air dried for
about a week at room temperature. This allowed the capsules to open and expel
their seeds into the paper bag. If they didn’t, seeds were gently extracted by hand,
using a small brush. Seeds were stored in paper envelopes at 15°C at 15% RH until
sown or alternatively, stored in glass jars containing silica gel granules to absorb
moisture and kept at 4°C.
Selection of fertile seed
As initial viability for Melaleuca quinquenervia has been shown by the seed viability
experiment to be relatively low (5 to 26.4%), remaining experiments were
performed using as many potentially viable or ‘full’ seeds as possible. This was
achieved by removing any empty, broken or predator damaged seed along with the
non-viable or ‘empty’ seed. So the seeds remaining were those that appeared to
contain an embryo.
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The seeds were separated using a light box installed under a dissecting microscope
(Figure 5-1 and 5-2). This technique enables one to see whether a seed has an
embryo in it or not and any damage such as cracks in the embryo or insect holes.
Figure 5-1 Seed over the light box: empty seed is on the left and full seed is on the right
Figure 5-2 Light box assembly used under dissecting microscope
1mm
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Seeds were considered germinated when the radicle protruded from the seed coat.
Seeds that did not germinate were tested by removing the seed coat and if the
embryo appeared discoloured and soft and hence easily squashed they were
considered not viable. If the embryo had some firmness to it and was not
discoloured or easily squashed it was considered potentially viable and tested with
TTC (Appendix 7).
Germination of seed in incubators
Seeds were used from the following 5 foreshore sites around the Myall Lakes
National Park: Mungo Brush, Shelley Beach, Korseman’s Landing, One Horse Sands
and Neranie Sands. The seeds were mixed together in equal proportions as
provenance differences were not being investigated. Twenty five seeds from this
mixed batch were then sown into each Petri dish which was half filled with water
agar at a strength of 7g/l.
Dishes were sealed with parafilm and put into growth chambers at 6 constant
temperatures, 5°C, 10°C, 15°C, 20°C, 25°C, 30°C and 3 alternating (night / day)
temperatures, 5/20°C, 12/27°C and 18/33°C. All cabinets had alternating light
periods of 12 hours light and 12 hours dark, except for the 5°C treatment which was
set at constant light. Photosynthetically active photon flux density (PPFD) of the
cabinets was 35-52 μmol m-2s-1. Each treatment (Petri dish of 25 seeds) was
replicated 8 times.
Germination was recorded every day for the first two weeks and then three times a
week until germination was completed or until there was no sign of germination for
two weeks. The 5°C and 10°C treatments were transferred into the 25°C cabinet
after showing no germination after 54 days.
Mean germination percentage was recorded along with the time to 85% germination
(T85%) to show relative rates of germination. This level was chosen as it was reached
in the fastest germinating treatment by day 4, which was the first day recorded. A
smaller experiment was re-run using 4 replicates of 25 seed for the three fastest
temperatures to cover missing data for days 1 to 3.
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The experiment was designed as a completely randomised design. Analysis of
variance (ANOVA) was performed using Genstat 7th Edition and mean germination
percentages at days 4, 7, 10, 14, 20 and 54 were compared by Fisher’s protected
Least Significant Difference (L.S.D). To fulfil the assumptions of ANOVA and to
ensure homogeneity of residuals, percentage data were arcsine transformed prior to
analysis (Appendix 5a and 5b).
Summer temperatures were recorded on a half hourly basis at Mayer’s Point, Myall
Lakes during the summer of Dec 06/Jan 07 and half hourly Winter temperature data
was obtained from the Bureau of Meteorology for Newcastle (Nobby’s Head) during
the winter of 2006.
Thermal time to 85% germination was calculated for each temperature treatment by
calculating the number of degree hours above the base threshold temperature
(which was determined to be 10°C) required for 85% germination to occur.
The degree hours above the base threshold temperature of 10°C, provided by three
typical summer and winter days with high, low and moderate minimum and
maximum temperatures, were then calculated. Based on the thermal time required
for 85% germination at the most comparative alternating temperature (12/27°C or
18/88°C or 5/20°C), a prediction was then made of the approximate number of days
required for 85% germination to occur in the field.
Results
The fastest average germination was at 18/33°C (P=0.05) with 85.1% by day 4 (Table
5-1 and Figure 5-3) followed by 30°C and then 25°C. The remaining temperatures
had little or no germination at this time. By day 20 the 18/33, 30, 25, 20 and 12/27°C
treatments were around 100% with no significant difference between them. Even by
day 54 the 5 and 10°C treatments had little or no response.
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Figure 5-3 Mean germination % of Melaleuca quinquenervia at different temperatures
Note: Error bars are standard errors.
Table 5-1 Germination percentages at different temperature regimes
Day 4 Day 7 Day 10 Day 14 Day 20 Day 54
5°C 0 0 0 0 0 0
10°C 0 0 0 0 0 3.2
15°C 0a 0a 12.7b 44.4a 74.3a 98a
20°C 0a 29.6b 82.2c 95.3b 99.5c 100a
25°C 48.8b 97.4d 100e 100c 100c 100a
30°C 70.1c 95.9d 99.5e 100c 100c 100a
5 / 20°C 0a 0a 3.1a 41.8a 88.4b 100a
12 / 27°C 0.5a 75.1c 94.8d 99bc 99.5c 99.5a
18 / 33°C 85.1d 96.2d 99.5e 99.5bc 99.5c 100a
Means in a column with the same letter are not significantly different from each
other (P=0.05).
Chapter 5 Key Requirements for Germination
103
As the first reading was taken on day 4, the first three days of data were missing for
the three fastest germinating temperatures i.e. 25°C, 30°C and 18/33°C. In the re-
run trial covering days 1 to 3, the fastest mean germination was at 30°C with 58.6%
germinating by day 2 (Figure 5-4).
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Figure 5-4 Mean germination % for three fastest temperatures (2nd experiment)
This variation from the original experiment may have been due to variability within
the batch of seed, along with the seed having been stored for longer, or differences
in the running of the germination cabinets.
The optimal temperature for germination is often the temperature at which the
highest percentage germination is attained in the shortest time (Mayer and
Poljakoff-Mayber 1989). For the constant temperature treatments, it appears that
25°C is the optimum. This can be seen from the high rate of germination to 85%,
(Figure 5-5) and the low number of days to 85% germination (Table 5-2).
The 30°C treatment had a slightly slower rate of germination (1/G85%), though was
not significantly different from 25°C in time taken to reach 85% (T85%) (P=0.05), and
higher constant temperatures are likely to show a further decline (Mayer and
Poljakoff-Mayber 1989 p 53), though this would be worth testing.
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Table 5-2 Average time to 85% germination (days) (P=0.05), Standard errors are in brackets
Temperature Av. no. of days to
85% germination
5°C -
10°C -
15°C 21.9d (± 1.81)
20°C 11.3c (± 0.77)
25°C 5.4a (± 0.18)
30°C 5.6a (± 0.32)
5/20°C 20.0d (± 0.57)
12/27°C 8.5b (± 0.42)
18/33°C 4.1a (± 0.64)
The optimal alternating temperature combination was 18/33°C as shown by having
the fastest rate of germination to 85% (Figure 5-5) and the also the shortest time to
85 percent (T85%) being approximately 4 days which was faster than the fastest
constant temperature of 25°C.
0
0.05
0.1
0.15
0.2
0.25
0.3
5 10 15 20 25 30 5/20 12/27 18/33
Temperature (oC)
Ra
te
of
ge
rm
in
at
io
n
to
85
%
Figure 5-5 Rate of germination to 85 percent for different temperatures. Bars are standard errors
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Based on this data, the three fastest rates of germination were at 25, 30 and
18/33°C. These three temperature treatments were not significantly different in
time taken to 85% germination. They were however, significantly more favourable
than the remaining temperature treatments. The 5/20°C treatment along with 15°C
had the slowest germination rate with an average T85% of 20 and 22 days respectively
and neither 5°C nor 10°C reached 85% within the duration of the experiment (54
days).
The 5°C treatment showed no signs of germination for 54 days (Figure 5-6). They
were then transferred to the 25°C cabinet and commenced rapid germination with
an average of 17% by day 3 of the new temperature. This is a good example of
enforced dormancy (Harper 1977) by cold temperatures, which can be reversed with
the return to optimal temperatures. Seed kept at 10°C averaged 3.2% by day 54 and
when it was transferred to 25°C germination was quicker to recover than the 5°C
averaging 72.3 % by day 3.
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Figure 5-6 Germination of seed at 5 and 10°C showing how dormancy is enforced until transfer to
25°C on day 54
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Thermal time
Thermal time required for 85% germination was calculated for each temperature
treatment above the threshold temperature of 10°C (Table 5-3). The 18/33°C
treatment was noticeably the most efficient temperature for germination requiring
the least number of degree hours.
From thermal times calculated, it appears that the alternating temperatures are
more efficient requiring less energy than the constant temperatures, for example,
degree hours required at 5/20°C, which was only at 20°C for 50% of the time, are less
than those required for constant 20°C.
The two temperature data sets, constant and alternating, allow us to observe that
the major influence appears to be the temperature during the warm part of the day,
as opposed to the cold part of the night. For example, with 5/20°C, the 5 degree
night would make little contribution to germination as we have seen that no
germination occurred at a constant 5°C, hence the effective temperature is the 12
hours of 20°C during the day. It is interesting to note that for the same germination
percentage (85%) this combination is considerably more efficient in thermal time
than 20°C constant (Table 5-3). Table 5-2 shows that it took much longer (20 days
compared with 11.3 days).
Table 5-3 Thermal time to 85% germination for temperatures above 10°C
Constant temperature
(°C)
Thermal time
(degree hours)
15 2628
20 2712
25 1944
30 2688
Alternating temperature
(°C)
Thermal time
(degree hours)
5/20 2400
12/27 1938
18/33 1476
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Thermal time was calculated for three typical summer days taken from data
recorded at Mayer’s Point (Figure 5-7) and included days with: a) a high min / high
max temperature b) a moderate min / moderate max temperature, and c) a low min
/ low max temperature (Table 5-4).
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Figure 5-7 Summer air temperatures recorded at Mayer’s Point for 1 month during Dec 06 – Jan 07
Note: Mean maximum and minimum temperatures are shown with the red and green lines.
Table 5-4 Predicted days required to reach 85% germination using temperature data from Mayer’s
Point temp based on thermal time required for most comparative alternating temperatures
(12/27°C or 18/33°C) in Table 3
Temperature range for typical
summer days at Mayer’s Point,
Myall Lakes.
Thermal time
(Degree hours)
Predicted number of days
required to reach
85% germination
High min / high max: 19 / 34°C 337.8 4
Mod min / mod max: 17.5 / 26.5°C 271.8 7
Low min / low max: 15 / 27°C 214.5 9
Based on the thermal time required for 85% germination at the most comparative
alternating temperature (12/27°C or 18/33°C), the predicted number of days
required for this percentage of germination in the field ranged from 4 to 9 days,
according to the higher or lower temperatures.
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Thermal time was also calculated for three typical winter days based on weather
data from Newcastle (Nobbys Head) (Figure 5-8). The degree hours and predicted
number of days required for 85% germination to occur in the field are presented in
Table 5-5. The number of days predicted ranged from 19 to 61.
Nobby's Head
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Figure 5-8 Winter air temperatures for Nobbys Head, Newcastle July 2006
Note: Mean maximum and minimum temperatures are shown with the red and green lines.
Table 5-5 Estimation of days required to reach 85% germination using winter (July 2006)
temperature data from Nobbys Head, Newcastle based on thermal time required for most
comparative alternating temperature (5/20°C) in Table 3
Temperature range for typical winter
days at Nobbys Head,
Nelson Bay.
Thermal time
(Degree hours)
Predicted number of
days required to reach
85% germination
High min / high max: 11.8 / 20.3°C 130.1 19
Mod min / mod max: 12 / 17.3°C 116.55 21
Low min / low max: 6.4 / 15.5°C 39.45 61
Discussion
Germination rates indicate the optimum constant temperature for this species is
25°C which is in agreement with Ralph (2003) and Myers (1975). Rate to 85%
germination along with thermal time indicates that efficiency declines substantially
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at 30°C with more heat hours required to achieve the same germination percentage.
This shows a preference for 25°C rather than hotter temperatures.
Ideally alternating temperatures simulating those of the natural habitat are studied
in order to understand germination in the field (Baskin and Baskin 1998). The three
alternating temperature regimes were selected on the basis of availability of
incubators at Mount Annan Botanic Garden and generally simulated temperatures
occurring in summer (18/33°C) winter (5/20°C), and spring and autumn (12/27°C).
The fast germination rate and the lowest number of degree hours required (1476)
(Table 5-3), show that the optimum alternating temperature for Melaleuca
quinquenervia was 18/33°C and the fact that this combination had a faster
germination rate than the optimum constant temperature of 25°C indicates the
seeds prefer alternating temperatures with warm day time temperatures.
The 18/33°C regime was also significantly more efficient than 12/27°C which
required 1938 degree hours. This may be due to the warmer night temperature
(18°C) rather than the warmer day temperature (33°C) as suggested by the markedly
greater heat efficiency at 25°C constant than at 30°C constant (Table 5-3). It is
unlikely to be due to any difference in the size of temperature fluctuation as they
both differ by 15°C.
It is well known that fluctuating temperatures can have a stimulatory affect on
germination and this may be in combination with other factors such as light and
moisture (Hegarty 1975; Thompson and Grime 1983; Thompson 1969). The
physiological mechanisms behind this are not clearly understood (Thompson and
Grime 1983), though Probert (2000) suggests that response to temperature
alterations depends on the presence of at least a low level of the active form of
Phytochrome, Pfr and that other factors namely, nitrate, chilling and dry storage can
increase the sensitivity.
Higher temperatures generally cause an increase in respiration rate of seeds (Mayer
and Poljakoff-Mayber 1989) and alternating temperatures would have lower
respiration rates hence preventing stored reserves being depleted too quickly. Also,
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constant hotter temperatures can accelerate destructive processes such as organelle
breakdown and accumulation of toxins (P. Martin pers. comm.)
Thompson and Grime (1983) found germination was stimulated by temperature
fluctuations in the light in 46 out of 112 species studied and found also that a high
percentage happened to be wetland species. The most favourable time for
germination of many wetland species appeared to coincide with warmer
temperatures of spring along with a falling water table. The soil experiences greater
fluctuations in temperature as it becomes warmer and more aerobic, and the
insulating effect of the water is lost to the soil. It appears that wetland species are
sensitive to fluctuating temperatures as a means of successful germination during
favourable conditions.
Temperature fluctuations also play a large role in the ability of seeds to sense depth
of burial and stimulation of small seeded species by alternating temperatures is
common, implying a vegetation gap or shallow burial (Fenner and Thompson 2005).
A sensitivity to amplitude can prevent germination when seeds are buried below a
few centimetres (Probert 2000).
This is a fitting explanation for Melaleuca quinquenervia’s preference for alternating
temperatures, as it is a small seeded, wetland species and highly likely to respond to
events such as the dropping of water level.
The preference for warmer temperatures suggests that maximum germination in the
field would occur over summer. Thermal times for Mayer’s Point temperatures
during summer indicate optimum conditions would need to be maintained for 4 to 9
days for natural seed fall to obtain around 85% germination.
The slowness of the cooler temperature treatments suggests germination is unlikely
to occur during winter. Thermal times measured for Newcastle winter temperatures
(Table 5-5) indicate optimum conditions would need to be maintained for between
approximately 20 and 60 days for natural seed fall to obtain around 85%
germination. These estimations are based on a continuous number of days
experiencing the same temperatures, however, in reality there is a random mixture
of days with warmer and cooler spells as shown in Figure 5-8. Hence a figure in the
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middle such as 40 days may be more realistic. Nevertheless, these approximations
show temperatures are much less favourable for germination in winter compared
with summer as the length of time required is so long.
Not only are cooler temperatures less favourable for germination, but less
favourable for initial growth of the seedling, leaving it more vulnerable for longer as
it struggles to extend its roots into the soil. Initial growth is especially critical as it is
such a small seedling with no reserves and the slower the growth, the more unlikely
it is to withstand adverse conditions.
The cold temperatures, however did not appear to have any detrimental effect on
the seed as shown by its ability to achieve 100% germination once it was returned to
optimum temperatures. This suggests that seeds can survive imbibed for at least 54
days under cold temperatures prior to optimum temperatures arriving, at which
time the rapid germination can occur.
The preference for warmer temperatures and the slowness of the seed to germinate
at the colder temperatures most likely explain the distribution of this species within
the tropic – hot humid zone. It is of relevance for the conservation of this species to
know the bounds of suitable temperature conditions in regards to future climate
change and may help to predict what the impact may be of temperature rise.
Though, genetic variability in temperature tolerance within populations, may buffer
some of the effects of temperature warming (Fenner and Thompson 2005).
5.2 Light Dependency Experiment
Introduction
In order to piece together the key requirements for germination, it is important to
establish the light requirement of M. quinquenervia. This will indicate whether the
seed in the field has to be exposed to light in order to germinate or whether it may
germinate even if buried under soil or a cover of litter.
Ralph (2003) suggests that light may enhance germination of Melaleuca seed. In the
Myrtaceae family, some Eucalyptus species require light for satisfactory germination
and some do not. There may also be a compound effect of light at higher
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temperatures. Light dependency may only affect a proportion of seeds in a sample:
this varies between seed lots and with maturity, moisture levels and temperatures
(Turnbull and Doran 1987).
Meskimen (1962) observed germination in the field in Florida, U.S.A to be profuse in
dense shade and describes the shaded floors of Melaleuca quinquenervia stands as
being ‘carpeted with newly germinated seedlings’.
Virtue (1991) reports significantly higher germination for Melaleuca deanii and M.
armillaris under light than with no light, and found increasing shade brought about
no detectable difference in total germination percentage or rate, which implies that
the intensity of light needed to stimulate germination is low. White’s (1988) thesis
on Melaleuca quinquenervia reports no significant difference in germination
percentage in response to light, dark and shade, but found significantly faster rates
of germination in normal daylight, than in shade or dark treatments. In both of
these reports the precautions to exclude light are unclear and in view of the
sensitivity of imbibed seeds of some species to extremely low levels of light (Baskin
and Baskin 1998; Koller 1972) or extremely brief exposure (Kincaid (1935) as cited in
Mayer and Poljakoff-Mayber (1989 p 58) it is worth investigating light requirement
for Melaleuca quinquenervia further.
Materials and Methods
This experiment consisted of two treatments, (i) seeds sown and kept in the light,
and (ii) seeds sown and kept in the dark.
Twelve Petri dishes were prepared with compressed cotton wool under a
Whatman’s No.1 filter paper and moistened with distilled water.
Treatment (i) consisted of 200 Melaleuca quinquenervia seeds sown onto a Petri dish
under normal light conditions. Treatment (ii) was 200 seeds sown onto a Petri dish
under a green ‘safe’ light (550nm wavelength) in a dark room.
The green safelight is considered safe as it excludes those wavelengths that induce
phototropism, chlorophyll synthesis or photomorphogenisis (Withrow and Price
1957).
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In this experiment, the 200 seed were not sorted and included ‘chaff’ or empty seed
along with potentially viable seed. Each treatment was replicated 6 times (a Petri
dish of 200 seeds being 1 replicate).
All dishes were sealed and those in treatment (ii) were wrapped in black plastic
followed by aluminium foil and put into a light proof box lined with black plastic. All
twelve dishes were then put into a microclimate room kept at 25°C during the day
(06.00 – 18.00hr) and 18°C at night (18.00 – 06.00hr). The light was natural light
filtered through white plastic of the microclimate room.
Seeds kept in the light were observed every few days and numbers germinated
recorded. Seeds germinated in the dark were counted under a green ‘safe’ light in
the dark room at day 20 and day 63.
On day 63 the seeds that were in the dark were transferred into the light. At the end
of the trial, remaining ungerminated seed was tested for viability with
Triphenyltetrazolium chloride (TTC) (method in Appendix 7). Final germination
percentage was calculated for the viable seed.
The experiment was set up as a completely randomised design. Analysis of variance
(ANOVA) was performed and treatment means were compared by Fisher’s protected
Least Significant Difference (LSD) using Genstat 7th Edition. Percentage data were
arcsine (angular) transformed prior to analysis (Appendix 5C) to ensure the
assumptions of ANOVA were met.
Results
Melaleuca quinquenervia has a definite requirement for light for germination as no
seeds germinated by day 20 in the dark and only 11.1% by day 63 (Table 5-6).
Whereas seed kept in light conditions germinated from day 6 (average = 72%)
onwards and 4 out of 5 dishes had reached 100% germination by day 12.
Once exposed to light, seeds that had been kept in the dark germinated more rapidly
reaching 100% within 7 days (Figure 5-9).
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Table 5-6 Germination results for light and dark treatments
Treatment Germination (%)
Day 10 Day 20 Day 63 Day 70
(After checking on day 63 the dark
treatment was moved to the light and
checked again on day 70 )
Light 92.9 100.0 100.0 a _
Dark 0 0 11.1 b 100.0
Note: differing letters denote significant differences between treatment means.
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Figure 5-9 Germination of Melaleuca quinquenervia in light verses dark
Note: seed in the dark was moved to the light on day 63. Bars are standard errors.
Discussion
Melaleuca quinquenervia has a clear dependence on light for germination. This
result confirms the report of Virtue (1991) who found Melaleuca benefited from light
with higher germination percentage in the case of M. deanii and M. armillaris and
faster germination in the case of M. quinquenervia. On the other hand, it contrasts
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with the report of White (1988), that germination percentage of M. quinquenervia
was not stimulated by light. The very stringent methods used in this experiment of
preventing any light entering the dark treatments, together with the use of a green
‘safe’ light (Withrow and Price 1957) in a dark room for sowing and checking for
germination, leaves little doubt that this species is stimulated by light.
This is not to say that germination cannot occur in shaded conditions, as observed by
Meskimen (1962). It appears to be the complete absence of light that prevents
germination by enforcing dormancy as shown in Figure 5-9. The small number that
germinated after day 63 (11%) may well have been a supersensitive proportion that
may have responded to the exposure of green light during counting on day 20. As
Turnbull and Doran (1987) suggest, light dependency may only affect a proportion of
seeds in a sample.
If dark conditions were continually imposed this rate of germination would require
perhaps around 300 days for germination to reach 100%. Hence the likelihood of
deeply buried seed germinating in the field is very low because temperature and
moisture conditions are unlikely to be favourable for such an extended period.
In addition, as the seed bank study has shown, Melaleuca quinquenervia seed is
unlikely to be found at such depths (more than 30mm) that exclude light completely.
Being such a small seed with little reserves, it is dependent on photosynthesis for
initial growth. As shown in the following Experiment 5.3 (Depth of Planting
Experiment), seeds that germinated at depths at which light is mostly excluded, did
not have the resources to reach the surface. Hence the strategy of light requirement
is most probably one of seed conservation, used to restrict germination to depths
where the seedling has a fair chance of emerging from the soil and commencing
photosynthesis. This ecological role of light requirement, as a method of sensing
depth of burial by the seed, is suggested by Milberg et al. (2000a).
The implications of this requirement means that Melaleuca quinquenervia seed will
have a better chance of germination if it occupies a micro-site where there is no
competition for light, for example, land cleared of other litter and vegetation.
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5.3 Depth of Planting Experiment
Introduction
Having determined that light is a key requirement for germination and that warmer,
alternating temperatures favour germination, another important factor in the
recruitment process is the optimal depth in the soil for seed to germinate and also
for seedling emergence.
If the seed is unable to germinate while buried in the soil it may need to be disturbed
and brought to the surface for germination. Cultivation of the soil is rare in an
undisturbed environment such as a National Park although disturbance by burrowing
animals or foraging birds may play a role. Seed that has fallen to the ground below
the canopy of a Paperbark tree may also become buried in various types of leaf litter,
or other vegetation that may be disturbed by floods or consumed by fire.
As we have seen in the seed bank study, viable seed was present to approximately
20mm depth. It is important to determine whether Melaleuca seed will germinate
and emerge from this depth. If it is unable, then seed will have to be available on or
very close to the soil surface at optimum times for germination. Depending on the
longevity of seed on the ground, this may require fresh seed fall. The aim of this
experiment was to determine the limitation of seed depth of Melaleuca
quinquenervia for germination and seedling emergence. In addition the effect of
two different soil types from the foreshore zone was studied.
Materials and Methods
Twenty five seed were sown into 95mm width, 100mm deep pots containing two
different soil types. Seed were sown at 5 different depths: 0, 5, 10, 20 and 30mm.
Each treatment was replicated 5 times.
In order to have accurate depth, soil was inundated with water and allowed to settle
and the surface was levelled. A piece of filter paper was placed on the soil surface
and the seed was sown into small pinholes in the paper. This stopped the seed from
moving around and therefore it was known where they were expected to emerge in
the pot. The seed was then covered with the appropriate amount of soil to the
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required depth and watered from the bottom up in order not to disturb the soil
surface.
The two soil types used were collected from the Myall Lakes foreshore zone. Soil
type 1: from the upper foreshore at West Legges (W.L) and soil type 2: from the
lower foreshore (beach sand) at Neranie (Ner). Both soil types were medium fine
sands. The West Legges sand had a higher portion of peaty material, a pH of 4.5,
EC(1:5) of 0.09dSm
-1 and actual water holding capacity (WHC) of 46.5%. The Neranie
sand was a lakeshore sand with little or no organic matter content. It had a neutral
pH of 7.0 a slightly higher EC(1:5) of 0.19dSm
-1 and a lower WHC of 23.5%.
The sown pots were placed randomly within two trays, one for each soil type, and
watered from the bottom up with tap water. They were kept in a microclimate set
at 18/25°C alternating night / day temperature with filtered daylight. Pots were
checked every day for germination of surface sown seed and emergence of seedlings
from buried seed. Each soil type was placed in a separate tray in order to remove
any possible leachate effect from the different soils. Therefore there were
essentially two separate experiments running alongside each other with, what could
be considered, minimal differences in the conditions. However as the experiment
was only completely randomised within each tray and not over the whole
experiment, a statistical comparison could not be made between the two soil types.
Data was analysed using Genstat 7th Edition. Analysis of variance was performed and
emergence percentage means for the different depths, within each soil type,were
compared by Fisher’s Protected Least Significant Difference (LSD). The assumptions
of ANOVA were complied with and data was arcsine (angular) transformed prior to
analysis (Appendix 5D and 5E) as percentage emergence data was not normally
distributed.
Results
In both soil types emergence from 5mm was significantly reduced compared with
surface sown seed (P=0.05). In the West Legges soil, this result was more evident
with zero emergence from seed sown at 5mm depth (Table 5-7).
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Table 5-7 Emergence percentage for Melaleuca quinquenervia sown at different depths
Final emergence %
(at day 80) (p=0.01)
Average time to 50%
emergence (T50%) (days)
(p=0.05)
0mm 94.4 a (± 2.0) 20.6 (± 0.4)
5mm 27.2 b (±7.4) -
10mm 0 -
20mm 0 -
25mm 0 -
Neranie Sand
30mm 0 -
0mm 78.4 a (± 9.6) 17.0 (± 1.2)
5mm 0 b -
10mm 0 -
20mm 0 -
25mm 0 -
West Legges
Sand
30mm 0 -
Note: within each soil type, means within a column with the same letter have no significant
difference. Figures in brackets are standard error of the mean.
There was no emergence of seedlings from the depths of 10, 20, 25 or 30mm in
either soil type so these depths have not been included in Figure 5-10.
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Figure 5-10 Emergence from 0 and 5mm depth in Neranie and West Legges soils
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Emergence of the surface sown seed (0mm) appeared somewhat faster in the
heavier West Legges soil, with time to 50% averaging 17 days compared to 20.6 days
for the Neranie soil.
On further investigation at the end of the trial, it was found that seed as deep as
30mm had germinated in the Neranie sand, but after 16 weeks none were able to
reach or penetrate the surface of the soil and the experiment was terminated. The
ungerminated seed was retrieved from several of the Neranie pots and put on moist
filter paper in a Petri dish and incubated at 27°C. Within 2 days the majority had
germinated.
Discussion
These results clearly show that seed prefers to be on the surface to germinate. The
preliminary studies of soil core samples from foreshore sandy soil at Neranie Sands,
and The Wells, showed little or no viable seed at depths below approx 20mm.
However, Harper (1977) suggests that small seeds can work their way down the soil
profile with percolating rain, so deeper seed stores cannot be discounted altogether.
As the moisture content and structure of the soil varies, the ease of emergence
varies with the size of the seed (Arndt 1965). Being such a small seedling, Melaleuca
quinquenervia would have little lifting power to cope with obstacles on the surface.
So the most common tactic used is to turn and buckle in the direction of least
resistance, which is usually towards the surface. The resources needed for the
extension of the hypocotyls are transferred from the cotyledons and the deeper the
seed, the more is needed. The results from this depth trial suggest that even if seeds
are deeper in the soil profile, the few that might germinate would have little or no
chance of emerging.
The higher final emergence percentage for the 0mm and 5mm treatments on
Neranie sand suggests that this substrate is preferable for germination. This is
possibly due to the more even surface of the sand providing more moisture to the
very small seed. Harper et al. (1965) argue that the contact between the seed and
the medium is critical to the success of germination and that this is also determined
by the shape and size of the seed. This theory may explain the reduced emergence,
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particularly from 5mm depth in the West Legges soil which was quick to develop an
algal cover and moss which caused an uneven surface for the small seed and may
also have competed for moisture. However on the other hand, to some extent the
higher organic content of the West Legges sand may have provided moisture to the
seed also, which may explain the faster time to 50% germination for the surface
sown seed.
Germination on the Neranie sand may also have benefited from the neutral pH
unlike the West Legges soil which, with a pH of 4.5, may have been detrimental to
the seed. In a laboratory study in Florida, U.S., Meskimen (1962) found a highly
significant correlation between germination percentage and soil pH and he found
Melaleuca quinquenervia germination in the field to be much more amenable to acid
sands than the alkaline marls. However he did not appear to test soil with a pH
lower than 5.1. The effect of pH on germination warrants further study.
The fact that seed germinated to the depth of 30mm in the Neranie sand indicates
that even though enough light was available at this depth for germination, the seed
did not have enough resources to reach the surface. Even 5mm was too deep for
any more than approximately 30% of seedlings to emerge. On the basis of this
experiment the optimal depth is 0mm. However, since this experiment did not
include intermediate burial depths between 0mm and 5mm, it is possible that
further experimentation could show that the burial at 1 or 2mm gave comparable
emergence figures to surface sowing.
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Chapter 6 Factors Influencing Germination in the Field.
Introduction
From the laboratory trials in Chapter 5, it has been found that the alternating
temperature of 18/33°C was highly suitable for Melaleuca quinquenervia
germination and that light is essential. Germination is only likely from seed lying on
the soil surface or up to 5mm depth in sand. Having determined these key
requirements for germination, it is essential to investigate germination more
thoroughly in relation to the conditions faced by the seed in the fringing forest.
Firstly, an experiment was run in the fringing forest, to see whether introduced hand
sown seed would germinate, and to investigate any effect of provenance. Three
additional experiments were run in the glasshouse to investigate conditions provided
by the fringing forest, i.e. salinity, litter and leachate and the desiccation of seed.
6.1 Field Germination Experiment
Introduction
Extrapolation of laboratory results to field conditions should be carried out with
caution. Germination percentages achieved in the laboratory may be different to
those achieved in the field with the same batch of seed. Germination in the field is
affected by the ecological conditions prevailing in the immediate vicinity of the seed
(Mayer and Poljakoff-Mayber 1989 p. 202), along with a combination of
environmental factors such as temperature, moisture, aeration, light and fire. Also,
microsite variability is very high in heterogeneous soils, causing changing conditions
that may not reflect the controlled conditions of a laboratory experiment.
The micro habitat of the seed is determined by the physical and chemical properties
of the soil. Physical properties determine water holding capacity and aeration and
the germinating seed has to compete for water with the atmospheric evaporative
demand. Some species germinate under a wide range of moisture conditions, while
others are much more specific in their requirement. For example, excessive
moisture is reported to be harmful to Eucalyptus regnans and E. delagatensis (Grose
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1963 and Cremer et al. 1978 as cited by Turnbull and Doran (1987)). Unlike the
seeds of most plants, those of Melaleuca quinquenervia can germinate under water
and along with Callistemon and Leptospermum are often propagated using the ‘bog
method’ (Ralph 2003). The relationship between moisture and germination
however, is not straight forward and can be affected by other factors such as
mucilage and size and nature of the seed surface (Harper and Benton 1965).
Loss of seed can also occur in the field from predation, for example, ants which have
been known to store Eucalyptus seed underground and consume the embryos.
Drake (1981) postulates that oil in the cotyledons is the attractant and therefore
other myrtaceous species including Melaleuca may also prove attractive to ants.
The timing of germination in the field is crucial in relation to the onset of favourable
conditions for seedling development (Beardsell and Richards 1987) and is controlled
by both the seeds’ response to these environmental factors along with the
physiological state of the seed i.e. dormancy. Postponement of germination until
the conditions are favourable will increase the chance of survival for the developing
seedling.
Hence many factors will interact to affect germination in the field that cannot be
fully studied under laboratory conditions. A field germination trial of deliberately
sown seed is a very informative way to test germination ability under natural
conditions.
A secondary aspect of this study is the effect of provenance on germination. Many
studies on provenance have been carried out on Eucalyptus populations (Battaglia
1993; Ladiges 1974a; b; Ladiges and Ashton 1974; Matheson and Mullin 1987) as it is
considered highly relevant to plantation programs. Variations are reported at a
number of levels, species, regional or local (Florence 1996 p 308). Local variation can
be due to various factors including clinal (geographic area or ecological range), water
status and nutrients in the soil. Populations can differ genetically and may exhibit
considerable variation in form depending on their provenance.
Van der Moezel (1991) reported significant provenance effects on the salinity
tolerance of the Melaleuca quinquenervia seedlings at four and a half months old.
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Ladiges and Ashton (1974) ran a field experiment with 5 populations of Eucalyptus
viminalis and suggested moisture was an important factor controlling leaf size and
hence growth rate. They found seed from moist sites produced seedlings that were
inherently faster growing than seedlings from drier sites.
It is of interest to see whether there are any differences between provenances
within the Myall Lakes region with respect to germination or subsequent growth.
Hence the aim of this experiment was to determine whether deliberately sown seed
will germinate in the field under natural conditions, and also whether there is any
effect of seed provenance. The hypothesis is that seed sourced from each
provenance will perform best in its local habitat.
Materials and Methods
Site selection
Six sites were chosen around the Myall Lakes National Park for the establishment of
experimental plots for sowing. These sites were within the Paperbark fringing forest
and were selected to cover a wide area of the lake system, including both eastern
and western shores.
The sites were as follows:
1. Mungo Brush, 2. West Legges, 3. Korseman’s Landing, 4. Mayer’s Point
5. Neranie Sands, 6. One Horse Sands
The six sites experienced different lake salinity levels, ranging from fresh to brackish,
and various prevailing winds. Location details can be seen in Table 6-1 and Figure
4-1.
During the period of site selection (Aug / Sept 2005), the lake levels were relatively
high (Figure 6-2) so it was decided to locate experimental plots on fairly high ground
several metres back from the edge of the lake, to prevent sown seeds from being
flooded and washed away.
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Table 6-1 Details of locations within Myall Lakes National Park fringing forest
Site name &
Grid Ref
Topographic Maps 1:25,000 Features
Mungo Brush
349 991
BOMBAH POINT 9332-1-N, Topographic and
Orthophoto Map (2nd Edition 2001).
Land and Property Information NSW.
Remnant Dune
sands, Westerly
winds
West Legges
333 024
BOMBAH POINT 9332-1N, Topographic and
Orthophoto Map (2nd Edition 2001).
Land and Property Information NSW.
Sandy loam,
Southerly &
North Easterly
winds
Korseman’s
Landing
327 061
MYALL LAKE 9333-2-S, Topographic Map
(2nd Edition 1985) Central Mapping Authority
of NSW.
Eucalypt forest
Sandy Loam,
North Easterly
winds
Mayer’s Point
383 155
MYALL LAKE 9333-2-S, Topographic Map
(2nd Edition 1985) Central Mapping Authority
of NSW.
Shallow headland
soil, Southerly
winds
One Horse
Sands
469 101
MYALL LAKE 9333-2-S, Topographic Map
(2nd Edition 1985) Central Mapping Authority
of NSW.
Dune sands,
Westerly winds
Neranie Sands
485 138
MYALL LAKE 9333-2-S, Topographic Map
(2nd Edition 1985) Central Mapping Authority
of NSW.
Lake sands,
South westerly &
westerly winds
Plots were situated within the outer third of the canopy spread of mature Paperbark
trees as this was considered to be the most likely zone for natural seedfall. They
were pegged out and fenced off with wire mesh in order to prevent damage from
the public and local wildlife such as wallabies, ducks and dingoes.
Experimental Design:
The trial was set up as a randomised complete block design with 1 treatment factor
of seed provenance. There were 7 treatment units, consisting of 6 batches of seed
from the 6 different provenances where each plot was located plus 1 control
treatment, which was unsown. The three blocks (replicates) were designed to take
into account increasing distance from the shoreline. Each block consisted of 7
squares 50cm by 50cm each. Half of each square was sown with seed from each
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provenance and the other half was left unsown to monitor for natural seed input
and germination (Figure 6-1).
On November 7th 2005, twenty five potentially viable seeds were sown into each half
square. Plots were monitored regularly for signs of germination, every 2 weeks for
the first month, and every month after that for 6 months.
Figure 6-1 Field germination experiment design with treatment factor of seed provenance
Note: Provenances are: MB=Mungo Brush, MPt = Mayer’s Point, Ner = Neranie, KL = Korseman’s
Landing, OHS = One Horse Sands, WL = West Legges. C = Control (unsown).
Results and Discussion
A field diary of observations is in Appendix 6B.
Small seedlings at the cotyledon stage that fitted the description of Paperbarks were
observed in some of the squares, however these could have been various other
plants growing at the sites. For example a vigorous creeper was continually
regenerating in the Mungo brush plot.
Identification of Paperbark seedlings is not practical in the field until the true leaves
appear. Crushing of the leaves releases a distinctive ‘tea tree’ aroma and along with
the leaf shape, venation and oil glands, allows confirmation of the Paperbark
seedlings.
This experiment showed that germination of what were probably Paperbark seeds
did occur to some extent, though seedlings never survived to the stage when they
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could be positively confirmed as being Paperbark seedlings. That is, they never
survived past the cotyledon stage.
Hence the experimental factor of provenance was unable to be tested as
germination was so brief and there were no surviving seedlings. From such small
numbers it was not possible to tell whether hand sown seed had germinated or not.
Germinants were observed in both the unsown and sown squares of the plots, it was
not possible to draw any real conclusions regarding total numbers of sown versus
unsown seedlings, other than that viable seed was made available from either the
seedbank or fresh seed fall (or capsule fall), for germination to occur in the unsown
plots.
Although there was no real result from the provenance experiment, regular
observations made at the six locations, provided information regarding seed
dispersal and germination.
At Mayer’s Point there were small germinants at the cotyledon stage present when
the plot was initially sown in November ’05; this may have been due to a fire in the
previous month, (October 12 ‘05) which caused the soil surface to be cleared of
vegetation and to become ashy. The fire also caused many capsules to open and
release their seeds. In December dry fresh seed was present on the soil surface
along with capsules that were split in half by feeding parrots. Dry expelled seed was
also observed lying adjacent to a cluster of capsules attached to a twig that had
fallen into the plot.
In January, 70 young germinants were observed surrounding the capsule cluster and
it is without doubt that these germinants were from the Paperbark. This followed a
period of consistent rain and warm January temperatures with maximums in the
high 20s and low 30s.
January saw germination in all plots, though as mentioned previously identification
was not confirmed. None of these germinants survived to the next month when
temperatures were hot and dry.
During the trial period (November ‘05 to May ’06) there was an extended period of
low lake levels (Figure 6-2), though there were some periods of good rain (the locals
Chapter 6 Factors Influencing Germination in the Field
127
residents at Mayer’s point reported 75mm of rain in January ‘06). The low lake level
meant that the experimental plots were left high and dry, receiving no inundation,
the only moisture being from rainfall (lake levels recorded by Manly Hydraulics at
Bombah Point gauging station from July 2001 to July 2007 are presented in Appendix
6A).
At times of high rainfall and corresponding high lake levels, these areas may
experience inundation which may have triggered more germination and perhaps
even allowed seedling establishment, but as it was, seedling establishment was not
observed in any of these plots right up until the end of the period of field studies in
February 2007.
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Figure 6-2 Lake levels recorded at Bombah Point gauging station showing low levels during trial
period from November 2005 to April 2006
As it happened, during this experiment, other areas of lakeshore exposed by low lake
levels, were found to have significant stretches of new Paperbark seedlings (see
Chapter 7.2 for details). These sites were obviously more favourable for
germination. Unlike the experimental plots, these sites were continually wet, and
there was no competition from other vegetation. These seem to be the main
conditions that were not provided by the experimental plots. The reason for the lack
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of germination in these plots is that they were not placed in the most favourable site
for Paperbark germination in that season.
In terms of seedling recruitment, the experiment shows clearly that despite the
presence of mature Paperbark trees and viable seed (both sown and abundant
additional natural seed at some sites), establishment is highly unlikely in areas of
foreshore having what might be termed a well-drained soil profile in which rainfall is
the primary determinant of soil moisture status in the top 10 cm of the soil profile.
Myers (1983) also sowed various sites in the U.S.A with Melaleuca quinquenervia
seed and monitored survival over a 3 year period. He reported no germination of
seeds sown during the dry season on any of the sites in the trial and he concluded
that timing is crucial, suggesting germination may have to occurr pre or post flooding.
In relation to provenance effects, the experiment did not provide any information. It
is recommended that future provenance studies under field conditions should be
conducted in microsites within the foreshore zone now known to be more
favourable for establishment, for example, on damp lake sand exposed by falling
lake levels.
6.2 Seed Desiccation Experiment
Introduction
In some species germination may be delayed by an excess of water, in others it can
be delayed by moisture stress which can result in an extra flush of germination after
subsequent rainfall. In the field, seeds may be also be subject to a number of
alternating wet and dry cycles which, depending on the species and the presence of
dormancy, may increase, decrease or have no effect on germination rates or
percentages (Baskin and Baskin 1998 p. 70).
Seed coat surface characteristics and the presence of mucilage play a role in
facilitating water uptake and resisting drying out of the seeds (Bachelard 1985). It is
not known what role these play in Melaleuca seeds. The very small size of the seed
in Melaleuca quinquenervia would be expected to assist water uptake and retention
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and, as germination is quite fast (see Chapter 5), the time to imbibe is presumed to
be relatively short.
The initial rate of water uptake can increase with temperature as found by Battaglia
(1993) in a study of Eucalyptus delagatensis. Battaglia reports imbibition occurred in
three phases, being rapid for the first 40%, then slow for a relatively long period and
again rapid on commencement of emergence and vegetative growth.
Ren and Tao (2003) found wetting and drying cycles decreased germination
percentage in seven Calligonum species but had no effect on minimum germination
time.
Gibson and Bachelard (1988) found with Eucalyptus sieberi that progressively fewer
seeds germinated after five cycles of wetting and drying (each cycle being 1 day wet
and 3 days dry) and after five cycles no further seeds germinated. They also
reported that when the remaining ungerminated seeds were exposed to
continuously wet conditions, all seeds germinated, however with some oddities such
as radicles failing to elongate and production of 2 adventitious roots at the basal end
of the hypocotyl.
The ability of seeds to survive dehydration is lost as hydration of the vacuoles of the
embryo commences (Hubac 1962, as cited in a review by Hegarty, (1978)). Hegarty
(1978) uses wheat and rye as examples of seedlings that can be dehydrated at a
more advanced stage of germination without causing death, although in this case
growth may be resumed from secondary initials.
In Battaglia’s (1993) study of Eucalyptus delagatensis, it was found that drying of the
seeds after 24 hours of imbibition had no effect on the germination percentage, and
only a small effect resulted from drying out within the first 48 hours. Dehydration
after this time caused increasingly greater reductions in germination capacity. Once
a large proportion of seeds had ruptured their seed coats and radicle emergence had
started, effects of dehydration were severe.
There is currently no literature available of the effects of wetting or drying of
Melaleuca seed. Considering the environment of the Myall Lakes foreshore with its
ever-changing lake and water table levels and rainfall events, it is relevant for this
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study to determine the tolerance to dehydration during germination. Adaptations to
desiccation and rewetting are ecologically significant in influencing germination and
seedling survival and hence minimising seedling mortality.
The aim of this experiment was to determine at what stage of germination
dehydration can occur, before causing damage to or death of the seedling. This was
to be done by imbibing Melaleuca quinquenervia seed for increasing lengths of time
before subjecting them to a desiccation period of five days. The hypothesis is that
once the seeds begin to germinate, they will not survive desiccation as they have no
seed reserves and are dependent on the cotyledons for growth.
Materials and Methods
Seed collected from several Myall Lakes foreshore sites were sorted and the empty
seed, ‘chaff’, discarded. Twenty five viable seed were sown onto filter paper in Petri
dishes which had been watered with deionised water. Dishes were sealed with
plastic film and then put in an incubation room kept at 25°C (±1°C). Seeds were
allowed to imbibe for nine increasing lengths of time: 1, 1.5, 2, 2.5, 3, 3.5, 4, 4.5 and
5 days.
After their specified imbibition period they were dried out for five days by removing
the lid of the Petri dish (Ren and Tao 2003). While drying, the seeds remained in the
Petri dishes in the incubation room where the humidity ranged from 39 to 40%.
Seed moisture content was not determined, however Battaglia (1993) reported that
Eucalyptus delegatensis seed had returned to air dried weight after only 2 hours at
relative humidity (RH) of 40-50%, when transferred to dry filter paper.
After five days the dishes were re-watered with deionised water and re-sealed
allowing the seeds to re-imbibe. Germination numbers and observations were
recorded. Ungerminated seed was tested for viability by staining with TTC (Appendix
7). The experiment was replicated four times and run for 20 days after the drying
period.
Data were analysed using Genstat 7th edition. The experiment was a completely
randomised design. Final germination percentages were analysed with ANOVA and
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differences in treatment means compared by Fisher’s protected Least Significant
Difference (LSD) (Appendix 6C). The assumptions of ANOVA were complied with and
data was arcsine transformed as it was percentage data and not normally
distributed.
Results
Seeds that were imbibed for 1 and 1.5 days had no germination prior to desiccation
(Table 6-2, Figure 6-3 and 6-4). Once re-wet, all viable seed germinated except one
from the 1 day treatment which appeared viable (green cotyledons were visible
through the seed coat) but only split the seed coat without properly germinating.
The other seeds that did not germinate on rewetting were found to be dead and one
from each treatment had a split seed coat.
Seed that were imbibed for 2 days had a small number germinate (13 out of 98
=13.3%) prior to desiccation (two seeds were lost). Desiccation killed 11 out of these
13 germinants and 2 managed to revive on re-wetting. Of the 85 seeds that didn’t
germinate prior to desiccation, 80 germinated on re-wetting and this included 2
seeds that had split seedcoats prior to desiccation. Out of the 80 germinants, 9
failed to continue to grow past the stage of radicle emergence. The five seeds that
didn’t germinate on rewetting were found to be dead, one having a split seed coat.
Table 6-2 Fate of seedlings after initial wetting and again on re-wetting
Initial days
imbibed
No. germinated during
initial wetting period
out of 100
No. previously germinated
in initial wetting period
and revived on rewetting
No. germinated
after rewetting
1 0 - 97
1.5 0 - 98
2 13* 2 80
2.5 74 4 20
3 83 1 13
3.5 87 1 7
4 95 0 3
4.5 96 0 0
5 98 0 1
* Number germinated out of 98
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Imbibition for 2.5 days saw the first substantial amount of seedlings germinate (74%)
prior to desiccation. Only four of these survived desiccation. Of the 26 that had not
yet germinated prior to desiccation, 20 germinated on re-wetting, one of these
failing to continue radicle growth. Of the six that failed to germinate on re-wetting,
five were found to be dead (Table 6-3), one having a split seed coat, the sixth seed
was possibly dormant as it stained pink after soaking the embryo in TTC.
Imbibition for 3 days saw 83 seeds germinate prior to desiccation with only one
reviving on re-wetting. On closer examination, this seedling was found to grow a
new adventitious root, the original root failing to continue growth. Of the 17 that
didn’t germinate prior to desiccation, 13 germinated on re-wetting but 4 of these
failed to continue growing, 2 became soft and mushy and 2 appeared deformed. Of
the 4 that didn’t germinate on re-wetting, 3 were dead (one with split seed coat) and
1 was found to be chaff (Table 6-3).
Table 6-3 Fate of seeds after re-wetting
No. days
initially
imbibed
No. ungerminated prior to
desiccation that failed to
germinate on rewetting
No. dead
with seed
coat split
No. dead
with seed
coat intact
‘Phantom’
(empty seed)
Chaff
1.0 3 2 1
1.5 2 1 1
2.0 5 1 4
2.5 6 1 4
3.0 4 2 1 1
3.5 6 2 3 1
4.0 2 0 2
4.5 4 0 4
5.0 1 0 1
Imbibition for 3.5 days saw 87 seeds germinate. Only 1 survived desiccation, reviving
on re-wetting. Of the 13 that didn’t germinate prior to desiccation, 7 germinated on
re-wetting, all continuing to grow normally. Of the 6 that did not germinate on re-
wetting, 5 were dead, 2 of which had split seed coats, and 1 was found to be an
empty seed with no embryo or a ‘phantom seed’.
From 4 days imbibition onwards, the majority of seeds had germinated and were
extending beyond the seed coat, but none of these survived the desiccation
Chapter 6 Factors Influencing Germination in the Field
133
treatment (Table 6-2). The seed that germinated after rewetting continued to grow
and those that didn’t germinate were dead.
Only 2 seeds out of 100 had not germinated within 5 days of imbibition and one of
these was still capable of germinating on re-wetting after 5 days desiccation.
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Figure 6-3 Mean number of seeds germinated out of 100 during wetting period prior to desiccation.
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Analysis of variance of the final germination percentage means found no significant
difference between desiccation treatments (Table 6-4).
Table 6-4 Final germination percentage of seed
No. days imbibed
prior to desiccation
Germination
percentage
Final number of seedlings
alive at day 20 (%)
1.0 97 a 97.0
1.5 98 a 98.0
2.0 95 a 74.5
2.5 94 a 23.0
3.0 96 a 10.0
3.5 94 a 8.0
4.0 98 a 3.0
4.5 96 a 0
5.0 98 a 1.0
Note: the same letter means no significant difference (P=0.05)
Discussion
It should be noted that the seeds used in the experiment were considered
potentially viable. A high level of care was taken to select seed that not only
contained an embryo but had no signs of damage. The accuracy level of selecting
viable seed was tested using 100 selected seeds with a result of 99%.
Desiccation of seed up to one and a half days after imbibition had no detrimental
effect on the germination capacity of the seed. Desiccation between two and three
and a half days after imbibition had a more noticeable effect. This appeared to be an
‘intermediate’ stage where a small number of seedlings survive desiccation and
revive on rewetting and a small proportion of seeds that germinate after rewetting
fail to survive because their radicles failed to elongate.
The reasons for this behaviour are obviously complex and experimentation in more
depth, within this range of days, may provide the answer. It is possible that the
seedlings that revived were more dependent on adventitious roots, than it was
realised at the time and closer examination of the roots needed to be carried out.
The post desiccation germinants that failed to survive are possibly the seeds that had
reached an advanced stage of germination, such as hydration of the vacuoles of the
embryo as discussed in Hegarty (1978), when the desiccation treatment was
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imposed. Another possibility is that they germinated during the desiccation period
as it is possible for germination to still proceed, even after the seed has been
removed from its source of water supply, due to the water held within the seed.
However, the numbers are not the same so this is probably not the case.
The formation of adventitious roots on the radical of one seedling that revived on
rewetting was similar to reports of Hegarty (1978) and Gibson and Bachelard (1988),
however, as this was only observed in one seedling it does not appear to be a
significant survival adaptation in this species.
Results of this experiment were very similar to those of Battaglia’s (1993) study of
Eucalyptus delagatensis in that once seeds begin to rupture their seedcoats, the
effects of dehydration were usually fatal. From 4 days imbibition onwards, nearly all
seeds had germinated and the seedlings were too advanced to withstand
desiccation. Most were extending beyond the seed coat with cotyledons visible.
Battaglia found that neither cycles of wetting and drying nor length of time for which
seeds remained dry following dehydration appeared to affect germination capacity
or rate. Based on this information it was decided to only study the effects of one
dehydration period on Melaleuca quinquenervia and only one cycle. Further study
on the effect of wet and dry cycles and variation in length of dehydration may see
the Melaleuca withstand many wet and dry cycles provided they are short and not
long enough to enable germination. But it is clear from this study that Melaleuca
seeds have the ability to withstand interruption to moisture supply at least once, up
to a certain stage, but once they have germinated, desiccation is fatal. This is not an
unusual response for pioneer tree species and this ‘point of no return’ is examined
further by Daws et al. (2007).
The most important factor in ecological terms determined from this experiment is
that for germination and initial seedling establishment to be successful, it is
preferable that the supply of moisture is continual throughout this period. An
interruption can be tolerated within the first few days of water uptake, prior to
radicle protrusion, but no later. This time period is determined from controlled
laboratory conditions with constant temperature and may be slightly different under
field conditions.
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Hence the optimum site for establishment would be one that is continually wet on
the surface, as the young seedling has no ability to withstand desiccation. This fits
with reports from Myers (1975 as cited by Woodall) of Melaleuca quinquenervia’s
ability to germinate under water and a relationship between germination and
flooding is likely.
Germination under water
The ability of Melaleuca quinquenervia seeds to germinate under water was tested
in the laboratory. Twenty five viable seed were sprinkled on the surface of water
which was filling a beaker to a depth of 70mm at room temperature under natural
light. Some seed floated and some sank. All germinated within approximately 3
days. Cotyledons developed but, in keeping with the report of Ladiges and Foord
(1981) who germinated seed submerged to 100mm, there was no growth past the
cotyledon stage. There was also no obvious root growth for several weeks after
germination and the roots eventually developed necrotic tips, which prevented them
from germinating once placed on sand. Earlier transplanting to a substrate is
required.
6.3 Salinity experiment
Introduction
Melaleuca quinquenervia trees are observed to grow in both fresh and brackish
water, indicating a degree of salt tolerance. M. quinquenervia is classed by Marcar
et al. (1995) as a moderately salt tolerant plant with growth expected to be reduced
at around 5dS/m ECe and survival reduced at around 10dS/m.
There is little information on tolerance of very young seedlings or the ability of seed
to germinate under saline conditions. Screening is more commonly done on plants
that are 3 to 6 months old as this is the age when they are planted out and when
their roots would reach saline groundwater, especially in the case of dryland salinity
studies. Even in salt tolerant plants, germination and initial seedling growth can be
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very sensitive to salinity. Germination is generally highest in freshwater conditions
and an increase in salinity causes a reduction in germination rate and final
percentage germination (Mayer and Poljakoff-Mayber 1989).
The effect of salinity on germination of Melaleuca spp. was studied by Van der
Moezel and Bell (1987) who found germination percentage and rate decreased with
increasing salinity, few of which germinated at 200mM NaCl (approximately 20
dS/m). The study did not, however, include M. quinquenervia.
Studies on Melaleuca seedlings include White (1988) who investigated the influence
of salinity on the distribution of both M. quinquenervia and Casuarina glauca
seedlings (using hydroponic solutions made up to specific salinities) and found
increasing salinity inhibited growth of both species. M. quinquenervia showed a
marked decrease in height at levels above 16dS/m, while the C. glauca stayed stable
from 9-36dS/m. Melaleuca branching was significantly decreased with increasing
salinity to 16dS/m and was almost entirely suppressed from this point on.
Van der Moezel et al. (1991) tested many species of Melaleuca and Eucalyptus for
salinity and waterlogging tolerance. Four and a half month old M. quinquenervia
seedlings were subjected to increasing salinity (using NaCl, MgSO4 and CaCl2) under
both drained and waterlogged conditions. A maximum level of 63dS/m was
maintained for three weeks. Three provenances of M. quinquenervia had 100, 67
and 69% survival when drained and 38, 53 and 6% survival when waterlogged.
Hence salinity has the most detrimental effect on seedling survival when combined
with waterlogging. Waterlogging reduces the ability of the plant to exclude salt.
Lowe et al. (2000) performed glasshouse trials on the commercially used species M.
alternifolia to determine the effect of saline water (using seawater) on biomass and
oil production. They found leaf production was unaffected below 20dS/m, while oil
concentration and quality were unaffected below 40dS/m, at which level the
majority died.
In this study the source of salinity is lake water rather than ground water. As salt
levels in the Bombah Broadwater of Myall Lakes have been recorded as high as
21.8dS/m over this period of study, and as the Paperbark zone borders the edge of
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the lake, it is ecologically important to determine the effect of salinity levels on both
germination and subsequent establishment, if any, of very young M. quinquenervia
seedlings.
The aim of this study was to determine the ability of M. quinquenervia seed to
germinate under saline conditions using various strengths of artificial seawater, the
hypothesis being that germination rate and percentage will decline with an increase
in salinity.
Materials and Methods
Artificial seawater was made up using a modified formula from McLean and Ivimey
Cook (1941) (Appendix 6D) and had a final Electrical Conductivity (EC) of 40.25dS/m.
This is not as saline as natural seawater which is commonly expected to be around
50-60dS/m. The mixture was then diluted to achieve the various levels of salinity
used in the experiment and this was checked with the EC meter.
Experiment 1. Germination of Paperbark seed on filter paper.
This experiment was performed in Petri dishes on filter paper, using artificial
seawater. Twenty five full seeds were selected and sown in each dish and incubated
at 25°C in the germination room. Filter paper was watered with artificial seawater of
7 different salinities to cover the naturally occurring range at Myall Lakes, plus a
control of deionised water. The 7 different salinity treatments were 2, 6, 7, 10, 15.5,
20 and 28 dS/m. Each treatment was replicated 5 times. Dishes were arranged
randomly and placed in the germination room at 25°C and numbers germinated
were recorded daily for 14 days.
Experiment 2. Germination of Paperbark seed on sand
Sand was sourced from Neranie lake shore at Myall Lake and put into 18mm deep
Petri dishes to a depth of 12mm in order to allow for penetration of the roots into
the medium. Artificial seawater was diluted to the following salinities: 2, 5, 10, 15,
20 & 25dS/m along with a control of deionised water. Twenty five potentially viable
seeds were sown into the dishes and treatments were replicated 5 times. Dishes
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were arranged randomly and placed in the germination room at 25°C. Numbers
germinated were recorded daily for 22 days.
After 22 days seedlings were carefully transplanted into pots by transferring the
entire contents of the Petri dish in one piece onto a pot of Neranie sand. These pots
were put on trays in a microclimate with 18/25°C alternating night/day temperature
and watered from the bottom up with the same strengths of artificial seawater.
Final survival percentage was calculated.
Both experiments were set out as completely randomised designs, final mean
germination percentages were calculated along with time to 50% germination,
T(50%). Analysis of variance was performed using Genstat 7
th edition and treatment
means compared by Fisher’s Protected Least Significant Difference (LSD). In order to
comply with the assumptions of ANOVA, percentage data were arcsine transformed
for analysis (Appendix 6E) as the data were not normally distributed.
Results
Experiment 1. Germination of Paperbark seed on filter paper.
Increasing salinity was found to have little effect on final germination percentages up
to 10dS/m which was 97.6% (Figure 6-5, Table 6-5). There was a significant decrease
with increasing salinity from 10dS/m to 28dS/m at which strength no seed
germinated. The limit for germination appears to lie somewhere between 20 and
28dS/m.
Table 6-5 Final germination percentage of Melaleuca quinquenervia at day 14 with different
salinity levels (on filter paper media) (P=0.05)
Salinity (dS/m) Final germination (%)
Control 99.2 a (± 0.8)
2.0 97.6 a (± 1.6)
6.4 97.6 a (± 1.6)
7.0 97.6 a (± 1.6)
10.0 97.6 a (± 1.6)
15.5 90.5 b (± 2.0)
20.0 44.0 c (± 4.4)
28.0 0 d (± 0)
Note: percentages followed by the same letter are not significantly different at P=0.05. Standard
errors of the mean are in brackets.
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Figure 6-5 Germination of Melaleuca quinquenervia with different salinity levels (media = filter
paper)
Experiment 2. Germination of Paperbark seed on sand
Once again, final germination percentage was not significantly affected by salinity up
to 10dS/m (Table 6-6 and Figure 6-6). Final germination was significantly lower at
15dS/m (84%) and was drastically reduced at 25dS/m to 6.4%.
Table 6-6 Germination percentage, rate and survival percentage of Melaleuca quinquenervia with
different salinity levels (on Neranie sand) (P=0.05)
Salinity
(dS/m)
Final germination (%)
(day 22)
Median
germination rate
(1/T(50%))
Seedling Survival
at week 8
(% of seed sown)
Control 97.6 a (± 1.6) 0.33 a 93.5 a (± 4.5)
2 98.4 a (± 1.0) 0.33 a 95.9 a (± 1.3)
5 96.8 a (± 1.5) 0.33 a 95.9 a (± 0.1)
10 96.0 a (± 0 ) 0.27 b 91.7 a (± 2.3)
15 84.0 b (± 3.6) 0.17 c 78.0 b (± 4.4)
20 73.6 b (± 5.2) 0.11 d 9.8 c (± 1.8)
25 6.4 c (± 2.0) 0 e 0 d (± 0)
Note: percentages followed by the same letter are not significantly different at P=0.05. Numbers in
brackets are standard errors.
Chapter 6 Factors Influencing Germination in the Field
141
0
10
20
30
40
50
60
70
80
90
100
0 5 10 15 20 25
Time (days)
G
er
m
in
at
io
n
(%
)
control 2dS/m 5dS/m 10dS/m 15dS/m 20dS/m 25dS/m
Figure 6-6 Germination of Melaleuca quinquenervia with different salinity levels (media = sand)
The median germination rate was unaffected up to 5dS/m after which it decreased
at a constant rate with increasing salinity (Table 6-6, Figure 6-7).
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Figure 6-7 Median germination rate of Melaleuca quinquenervia versus salinity levels. Bars
represent the range of median values between replicates.
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Survival percentage for the transplanted seedlings decreased with increasing salinity.
Figure 6-8 shows the level of tolerance for survival of 8 week old seedlings. A
marked reduction in seedling survival is seen from 15dS/m and a drastic reduction at
20dS/m with no survival at 25dS/m.
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Figure 6-8 Survival of Melaleuca quinquenervia seedlings at week 8 versus salinity. Bars represent
standard error of the mean.
The effects can be seen in Figure 6-9 which shows the young seedlings earlier at 5
weeks old. Morphological differences were also observed from 10dS/m onwards,
these being a reduction in the number of leaves developed and increasingly broader
and shorter leaves. Some roots were exposed and grey in colour, progressing to
black at 20dS/m.
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Figure 6-9 Pot treatments at 5 weeks showing a significant decrease in survival with salinity levels
of 15dS/m and higher
Note: Salinity increases from left to right, starting with the control.
Discussion
The reduction in germination percentage and rate with increasing salinity is primarily
due to osmotic effects (Mayer and Poljakoff-Mayber 1989 p. 221). Baskin and Baskin
(1998 p. 514) report that even halophytes generally have higher germination
percentages in distilled water than saline solutions. They also suggest the tolerance
to salt can be affected by the seeds’ age, size, morphology and season of maturation.
In both germination experiments, on paper and on sand, final germination
percentage of Melaleuca quinquenervia was unaffected up to 10dS/m and was
reduced by approximately 10% at 15dS/m (P=0.05).
The lack of germination at 28dS/m on the paper and the extremely low germination
at 25dS/m on the sand suggests the limit for germination lies somewhere between
these two salinities. This is comparable to the tolerance level reported for the
germination of M. ericifolia reported to be completely inhibited at 25 deci-
Siemens/m (Ladiges et al. 1981; Robinson et al. 2006). In the field, one would expect
germination to be significantly reduced between salinities of 15 and 20dS/m. Such
salinity levels occur during low lake levels at the Myall lakes, for example 21.8dS/m
was recorded in August 2006 in the Bombah Broadwater (Table 7-7).
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The decreasing median germination rate (1/T50) with increasing salinity from 5dS/m,
suggests that though paperbark has some tolerance to salt, levels above 5dS/m will
slow germination. Hence the influence of fresh water in the field is important.
High salt levels appear to enforce dormancy in M. quinquenervia in the sense of
Harper (1977), a condition which can be reversed once high salt levels are removed.
An exploratory trial with M. quinquenervia showed that seeds that did not germinate
at the higher salinity levels i.e. 25dS/m or higher had the ability to germinate once
returned to a fresh water environment. This was not confirmed with a properly
replicated experiment, but it has also been reported for M. ericifolia after transferral
from 25dS/m back to fresh water by Ladiges et al. (1981) and Robinson et al. (2006).
These authors suggested the inhibition of germination was osmotic.
Survival percentage of the young seedlings began to be affected from 10dS/m and
was significantly reduced at 15dS/m. Growth is also affected from 10dS/m as shown
by a reduction in the number of leaves which were also broader and shorter. The
health of the roots also appeared to be suffering, being exposed and grey in colour.
Monitoring for a period longer than 8 weeks would have been beneficial.
As this experiment did not expose the seeds to gradually increasing increments of
salinity, it was not possible to observe any adaptive response. This could also
warrant further study as would the interaction of other factors such as temperature.
Increases in temperature may reduce the germination percentage of seeds
incubated at increasing salinity levels, as reported for a number of species listed in
Baskin and Baskin (1998 p. 516).
One must note that in the field salt can reach the seedling in two ways, one being via
the root zone, the other via salt spray deposited on the foliage. Salt spray
experiments were not performed but field observations were made and signs of leaf
burn and wilting show it was detrimental to the plant.
Niknam and McComb (2000) state that studies in annual crops suggest salt tolerance
is a complex multi-genic trait. Both interspecific and intraspecific variability for salt
tolerance occurs in many species and Van der Moezel et al. (1991) found
considerable variation in Eucalyptus and Melaleuca spp. between provenances.
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Further study of possible mechanisms by which Melaleuca quinquenervia may
exclude salt and the salinity level at which these mechanisms are no longer tolerant
would be valuable.
6.4 Litter / Leachate experiment
Introduction
Under field conditions, the success of seed germination will be determined by the
favourability of the immediate environment. Melaleuca forests are reportedly highly
productive ecosystems. Annual litter fall for a Melaleuca forest south of Brisbane,
Queensland, was reported to be among the highest recorded for Australian
temperate / subtropical schlerophyll forest types and rainforest (Greenway 1994 on
reviewing Campbell (1992) and Lowman (1988)). Hence a common scenario for the
germinating seed is that it will become covered in a layer of litter, that is, fallen
material from canopies of the surrounding trees. This includes, dead leaves, twigs,
and flowering parts and a fine component consisting of small pieces of bark and bug
faeces. The ability of the seed to germinate and emerge from this litter layer will
determine the success of recruitment.
It has been frequently observed that litter contains compounds which can inhibit
germination (Mayer and Poljakoff-Mayber 1989 p. 227). That is, the production of
leachate may have possible allelopathic effects on germinating seeds and seedlings.
Allelopathy is most commonly associated with the harmful effects plant metabolites
have on neighbouring plants and microorganisms, though they may also be
beneficial depending on the concentrations present (Willis 1999). A thorough
literature search has not found any reports of allelopathy playing a role in Melaleuca
populations, though there are many reports of Eucalyptus seedling suppression,
possibly by the Eucalypts’ own high concentration of terpenes or terpenoids or by
other species as in the case of Eucalyptus haemostoma, where radicle extension is
reported to be inhibited by the natural leachate of the bracken fern (Taylor and
Thompson’s (1990) findings as reviewed by Willis (1999)).
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It is of importance in the recruitment cycle to determine whether allelopathic
associations between the Melaleuca quinquenervia and its associated understorey at
the Myall Lakes, in particular Casuarina glauca, play any role in the germination and
survival of recruits. It is also important to determine whether litter cover plays an
inhibitory role in germination and establishment.
The aim of this experiment was to determine if there is any effect from leachate and
litter cover on the germination of Paperbark seedlings and subsequent emergence.
At Myall Lakes, litter cover consists mostly of fallen Melaleuca and Casuarina leaves,
but Seagrass (Zostera sp.) also washes up from the lake and forms dense mounds in
strandlines along the shoreline, hence the inclusion of this species in this
experiment.
Hypothesis 1. Paperbark seed germination will be influenced by leachate either from
its own species or from Casuarina to some degree, either positively or negatively.
Hypothesis 2. Germination percentage will be reduced by litter cover.
Hypothesis 3. Emergence percentage will be reduced by litter cover.
Materials and Methods: Leachate was made by soaking litter collected from the
foreshore areas at the Myall Lakes, in water for 10 days at a ratio of 1:5 (v/v) dry
litter to water. Paperbark leachate was made using Paperbark leaves and Casuarina
leachate was made using Casuarina needles.
Pots were filled with washed medium grade sand and sown with 75 seeds each.
There were 8 treatments, each replicated 4 times:
1. Paperbark leachate,
2. Paperbark litter plus leachate
3. Casuarina leachate,
4. Casuarina litter plus leachate
5. Paperbark litter only
6. Casuarina litter only
7. Seagrass
8. Control (no leachate and no litter cover)
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Litter cover was observed to be a range of thicknesses in the field. A minimum
thickness of about 1.5cm of Paperbark leaves (about 4 layers) was considered the
minimum amount to completely cover the surface of the pot with no gaps between
the leaves. The other leaf types were covered to the same thickness, though the
nature of the Casuarina needles allows light through.
Pots were watered from below with the treatment leachate or water if the
treatment prescribed no leachate. Pots were occasionally sprayed from the top with
water or leachate as appropriate to the treatment. Numbers germinated were
recorded and final germination percentage was calculated on day 39 along with time
to 50% germination, T(50%). Analysis of variance (ANOVA) was performed and
treatment means compared by Fisher’s protected (Clewer and Scarisbrick 2001)
Least significant difference (L.S.D) using Genstat 7th Edition. Percentage data were
square root transformed for analysis (Appendix 6F) to ensure homogeneity of
variance.
Results
Leachate only treatments
Treatment 1 and 3 (leachate only treatments) were compared with treatment 8 (the
control). In these three treatments, germination could be observed easily as seeds
were not obscured by litter cover.
The first signs of germination were seen on day 8. On day 14 when seedlings were
checked under the microscope, the roots showed some signs of reaction to toxicity,
i.e. browning of roots (Figure 6-10), necrosis of root tips and loss of geotropism
(roots turning away from sand surface and pointing up in the air).
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Figure 6-10 Paperbark seedlings at day 14 (cotyledon stage) watered with Paperbark leachate,
showing browning of root (left) and necrosis of root tip (right - bottom seedling)
By day 25, all three treatments averaged over 80% germination (Figure 6-11) and the
seedlings were at cotyledon stage.
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Table 6-7 Final germination percentage for leachate treatments. Figures in brackets are standard
errors of the mean
Leachate
treatment
Mean final germination (%)
Control 96.0 a (± 1.1)
Paperbark 94.5 a (± 1.7)
Casuarina 85.9 b (± 2.6)
Percentage germination in Paperbark leachate closely reflected the control and
there was no significant difference in final germination % at day 39 (Table 6-7). Final
germination % in the Casuarina leachate was, however, significantly lower than in
the Paperbark leachate and the control (P=0.05). This suggests there is an inhibitory
effect produced by the Casuarina leachate on Paperbark seedling germination.
The rate of germination was measured by the time taken to reach 50% germination
(T50). It was not significantly different between either of the leachate treatments or
the control.
The Litter treatments
In pots with litter cover, signs of germination were obscured by the litter itself. In
order to test the effect of the litter, it was to remain undisturbed until the end of the
experiment. It was not until the later stages that some seedlings could just be seen
through the Casuarina needles. No seedlings emerged through the Paperbark litter
or the seagrass which had formed a dense mat and was clearly impenetrable.
On day 32, the litter was carefully lifted to determine whether seeds had germinated
underneath. Germination had occurred under all litter cover treatments, including
the seagrass, however due to a cutworm infestation under all the litter types, exact
numbers could not be counted. Data was therefore unable to be collected. The
cutworm infestation was not considered to be sourced from the litter, but from the
microclimate in which the experiment took place.
Buried seedlings still present and intact had elongated hypocotyls, little or no root
development and lack of colour. Some seedlings under the Casuarina litter were
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healthier in appearance with green cotyledons, as they had been exposed to more
light through the needles.
Discussion
This study shows that despite exact numbers not being counted, germination is
possible under both Paperbark litter and Casuarina litter and also under the
Seagrass, provided litter density is low enough to allow some light to penetrate
(from the previous light requirement study (Experiment 5.2) we know that
germination is not likely to occur if light is completely absent).
Emergence was greatly suppressed under Paperbark leaves and appeared impossible
through the thick, matted layer of seagrass. As mentioned in the seed depth study,
Melaleuca quinquenervia is a small seedling with little force to cope with obstacles
on the surface. The elongated hypocotyls showed the seedlings’ attempts to follow
a path of least resistance looking for light. Light levels and access to the surface
would depend on the size of the leaves, spaces between leaves and the stage to
which the litter is humified, along with thickness and density of the litter layer.
Hence the Casuarina needles do not seem to prevent seedling emergence as they let
in more light and provide gaps for the seedling to push through.
Casuarina leachate, on the other hand, inhibited seedling germination to some
extent. The effect on Paperbark seedling development appeared to be similar to
Taylor and Thompson’s (1990) finding of inhibited radicle extension in Eucalyptus
haemostoma, along with obvious browning of the roots and loss of geotropism.
Further study on the effects on seedling development would be of interest, in
particular using comparison of root length or seedling biomass between the control
and the leachate treatments.
This allelopathic affect is not surprising considering the lack of understorey
vegetation found under Casuarina trees in general. The effect is not completely
inhibitory however, with only a slight reduction in numbers germinated
(approximately 10%) and Paperbark seedlings can still grow within stands of
Casuarinas, as observed at various field sites, for example, The Wells camp site.
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Further study comparing concentrations of leachate in the field may be of benefit,
decomposition time may affect the concentration and chemical composition. Other
factors may also have an effect such as whether or not the seedling / seed is
immersed in the leachate and for how long.
Though Paperbark leachate did not show any allelopathic affect on seed
germination, Paperbark leaf litter did physically prevent seedlings from emerging.
Hence recruitment is more likely to be successful at a site where the Paperbark leaf
litter has been cleared, for example, by fire or flood or perhaps disturbed by the
activities of foraging birds and animals. Litter cover within the fringing forest zone is
prone to disturbance by rising lake levels, and can be washed away or deposited at
intervals. Hence the amount of cover can vary according to the dynamics of water
movement. The fringing forest is also an area subject to high winds coming from the
lake surface, which may also influence the amount of litter released from the trees.
Hence the presence and amount of litter in the field is a determinant of both
emergence and survival of paperbark seedlings.
One advantage of litter cover is, however, the conserving of moisture around the
young seedling, which has been shown by the seed desiccation experiment
(Experiment 6.2) to be crucial for survival of the newly germinated seedling.
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Chapter 7 Seedling Establishment and Survival
Introduction
“The abundance of a species has more to do with the abundance of habitable sites
and the genotypic and phenotypic plasticity that permit a wide range of such sites to
be occupied – it has nothing to do directly with the reproductive capacity of the
plants.” (Harper 1977 p. 649).
As Harper (1977) states, the most favourable site for germination is not necessarily
the most favourable for seedling survival. Once the young plant exhausts the
embryonic reserves initially provided for it by the parent plant, it becomes
dependent on its own ability to extract energy, nutrients, gases and water from the
environment. It is often stated that the seedling stage of a plants life cycle suffers
the highest mortality.
From the germination studies in Chapters 5 and 6 it was found that germination of
Melaleuca quinquenervia within the fringing forest zone is difficult. It was observed
to occur to a small extent in the field trial, though litter cover and desiccation appear
to be the main cause of mortality of the newly germinated seedlings.
This chapter studies the seedlings’ ability to survive the establishment phase of the
recruitment cycle. With no reported observations of paperbark seedlings naturally
occurring around the lake fringe, it raises the question of whether, if germination
was successful in this zone, the resulting seedlings would survive; or, in fact, was
seedling survival limiting recruitment. To answer this question, a transplant
establishment experiment was carried out (7.1 Seedling establishment experiment)
introducing six month old local provenance seedlings into six fringing forest zones.
From the information gathered so far, the limiting stage of recruitment appears to
be germination. Section 7.2, however, describes over twelve months of field
observations of natural germination, which occurred part-way through the study
period, in large numbers along the lake foreshore. The survival and mortality of
these seedlings was recorded using permanent quadrats and photographs.
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7.1 Seedling establishment experiment
Introduction
Experimental transplantations provide a useful approach in determining critical
factors limiting establishment, growth and survival (Jusaitus 2005). Observing the
fate of young transplants can help us understand the many physical and biological
factors that relate to regeneration. Various such studies have been undertaken with
woody plants (de Jong 2000; Howard 1973; Jusaitus 2005; Osunkoya and Creese
1997) and these can be helpful in developing protocols for replanting seedlings in a
way that ensures their survival and growth, e.g. George (1997).
In this study it is of immense value to observe the ability of young seedlings to
survive within the existing foreshore zone by observing the events that effect
mortality, habitat preference, competition with existing vegetation, tolerance to
excessive dryness or moisture, and other factors such as herbivory and insect attack.
The performance of transplanted, local provenance seedlings may give some
indication as to whether regeneration within the foreshore zone is limited by
seedling survival or perhaps another stage of the regeneration cycle.
The aim of this experiment was to monitor the growth and survival of transplanted
Paperbark seedlings within the fringing forest zone at increasing distances from the
shoreline in order to determine the most favourable environment for establishment
of juvenile Paperbark trees.
The relatively thin strip of Paperbarks along the lake fringe, sometimes only one tree
wide, suggests that the conditions suitable for establishment along the lake fringe
are very specific and possibly limited to a very narrow zone.
The hypothesis is that being a wetland species, Melaleuca quinquenervia seedlings
will have a greater chance of survival where they have more contact with water, that
is, closer to the lake shore and where the water table is shallow. If this is the case,
seedlings will be less likely to survive on the higher ground away from the shoreline,
in particular towards the rear of the fringing zone and beyond.
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Materials and Methods
Preparation of tubestock
Melaleuca seed was collected from the four provenances where the seedlings
establishment experiment was to be carried out. These were: Paperbark Picnic area
(PPA), West Legges (WL), Mayer’s Point (MPt) and One Horse Sands (OHS).
Seed was mixed with sand and using a small sieve (Stewart and Stewart 1995), was
lightly sprinkled into propagating cells containing pasteurised seed raising mixture.
The cells were kept in the glasshouse with alternating night day temperatures of
18°C –25°C under natural light. A version of the wetland/bog method (Ralph 2003)
was employed by watering from the bottom up by sitting the cells in trays of water.
Seedlings were thinned out to one per cell at the two to three leaf stage. At the four
to five leaf stage the cells were transplanted into 125mm forestry tubes containing
pasteurised potting mix. (Both seed raising and potting mix were pasteurised to
prevent any introduction of Phytophthora cinnamomi (Die Back) into the National
Park).
These seedlings were grown-on in the glasshouse and then hardened-off out side on
a raised bench. When seedlings were about 6 months old and approximately 200-
250mm tall, the 24 most uniform in height from each provenance were selected for
transplanting into the National Park.
They were planted out in late April 2006 when air temperatures were cooling down,
but soil temperatures were expected to remain warm. This was also to coincide with
expected autumn rains (Figure 7-8).
Site selection
The four sites chosen for the transects were widely spaced geographically around
the National Park to cover different regions of the Myall Lakes, one on the eastern
side of the Myall Lake: Mayer’s Point (MPt) and one on the western side, One Horse
Sands (OHS) and one each on the eastern and western sides of the Bombah
Broadwater: Paperbark Picnic Area (PPA) and West Legges (WL), respectively (Figure
7-1 and 7-2).
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Figure 7-1 Location of transects at the Bombah Broadwater
As topography and the width of the Paperbark fringe varied at each site, this trial
was unable to be replicated in the true sense of the word. In one sense however, it
is replicated because it samples multiple shoreline sites. The transects at Paperbark
Picnic Area and One Horse Sands extended back from the shoreline inclining into
vegetated remnant dunes, West Legges extended back fairly level before dropping at
the far end into lower lying swampy terrain and Mayer’s Point consisted of lower
lying reed and sedge vegetation gradually extending back into rocky headland
(Figures 7-3 to 7-6).
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Figure 7-2 Location of transects at the Myall Lake
The lake water at each site had different levels of salinity as did the underlying
groundwater. One Horse Sands and Mayer’s Point on the Myall Lake were much
fresher than Paperbark Picnic Area and West Legges on the Bombah Broadwater
which was mostly brackish and in drier periods, quite salty.
Establishment of the transect
A useful method of determining variation along an environmental gradient such as
the foreshore zone, is to lay out a transect running across it and take measurements
at intervals along this line (Kershaw and Looney 1985). This method is often used to
illustrate successional change. As the aim of this study was to determine the
response of seedling growth to location along the foreshore, it was decided to
incorporate the use of a transect. In this case there were no existing seedlings
growing within the foreshore zone so they had to be reared in the glasshouse and
transplanted into the area.
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Seedlings were transported to the national park in trays and planted out at each site
using a digging tool designed for forestry tubes. Tubestock were planted directly
into the existing vegetation in a straight line leading away from the shore, the odd
seedling having to be moved sideways to avoid tree trunks.
Figure 7-3 Transect at One Horse Sands Figure 7-4 Transect at Mayer’s Point
Figure 7-5 Transect at West Legges Figure 7-6 Transect at Paperbark Picnic Area
The four transect sites, shown in Figures 7-3 to 7-6 had considerable variation in
tree- and ground-cover vegetation as summarised below:
One Horse Sands: previously cleared for camping, ground cover was mostly
paperbark and Casuarina leaf litter. Regeneration of scattered small shrubs and
juvenile Casuarinas would provide some degree of root competition, more-so
toward the far end of the transect. The water’s end of the transect is in close
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proximity to large paperbark trees and the far end, to a large Eucalyptus with
extensive canopy cover and potential root competition.
Mayer’s point: no effective competition from minimal ground-cover due to a recent
fire. A thin layer of Paperbark and Casuarina leaf litter was present with some
regeneration of sedges and reeds. There was substantial canopy cover from
Paperbarks and Casuarinas causing shading and root competition.
West Legges: minimal ground cover along the majority of the transect except
toward the lower lying far end, where there were tall swamp grasses. There was an
understorey of several small shrubs (Acacia, Banksia, Leptospermum) adjacent to the
transect and a moderate canopy cover provided by Casuarinas at the lakes end,
Angophoras, Banksias and Eucalyptus robusta along the middle and tall, thin
paperbarks at the swamp end.
Paperbark Picnic Area: This site had thick ground cover dominated by Lomandra
longifolia and native grasses and some bracken fern. The front two thirds of the
transect was in amongst a fairly dense stand of very thin straggly Casuarinas
providing little shade, some shade was provided by the canopy of scattered
Paperbarks. The rear slope of the transect led into a scattered understorey of
Leptospermum shrubs and some canopy cover was provided by adjacent Banksias
and Eucalypts.
Seedlings were watered once at planting with fresh water carried to the site, from
then on they had to find their own water from rainfall, the water table or lake water.
The varying width of the Paperbark fringe meant transects were longer at some sites
than at others. The width of the fringe generally appeared to depend on slope and
elevation. Steeper rocky headlands tended to have less Paperbarks than lower,
flatter, lake shore areas. Hence in order for 24 seedlings to stretch across each
fringing zone, the distance between seedlings had to differ (Table 7-1), for example,
Mayer’s point, being headland terrain, had a narrower fringe and hence seedlings
were closer together than at the other sites. The distance between plants and hence
transect length, varied at most by a factor of two with the transect at West Legges
being twice as long as the transect at Mayer’s point.
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Table 7-1 Transect details
Location Distance between
seedlings (m)
No. of seedlings Length of transect
(m)
Paperbark Picnic Area 1.2 24 27.6
West Legges 1.5 24 34.5
Mayer’s Point 0.75 24 17.25
One Horse Sands 1.2 24 27.6
Though the objective of this experiment was to observe growth and survival under
natural conditions, it was decided to protect the seedlings in their initial stages of
establishment with green tree bags rather than risk losing them to predators or
having them walked on. After 7 months tree bags were removed as most seedlings
had grown higher than the bags and were considered sufficiently established to cope
without the protection of the bags.
The heights of each seedling were recorded at the time of planting (27 April 2006).
Seedling heights were then recorded every two or three months for ten months and
again at fifteen months. Seedling growth was measured as the difference in height
at 6 months from the height at planting and also the difference in height at 15
months from the height at planting.
Depth to water table was measured several times during the experiment using a
hand auger and tape measure. Salinity of the water table and lake water were both
measured using an Electrical Conductivity (EC) meter and recorded in deci-Siemens
per m2 (dS/m2).
Laboratory study of soil moisture movement in constructed profiles
Two soil profiles were simulated in the lab in order to gain an idea of soil moisture
levels in relation to the rise and fall of the water table. Sand sourced from Neranie
lake shore, was air dried and put into two 40cm long sections of 90mm diameter
storm-water pipe. The bases of the pipes were covered with fine mesh to contain
the sand and allow water to infiltrate up the pipe. The pipes were also cut in half
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longitudinally and resealed prior to filling, so that they could be opened easily at the
end and the soil examined.
The first pipe was stood in a tall bucket filled with water to a level of 7cm up the pipe
representing a water table depth of 33cm. The second pipe was stood in another
bucket which was filled with enough water to allowing the soil profile to completely
saturate before it was dropped down to the same level as the first pipe. The two
pipes were allowed to sit for 20 days. They were then removed from the buckets
opened up and measured how far up the pipe the water had risen due to the
capillary action of the soil. Moisture content was measured as percentage
gravimetric moisture content.
Results
Rainfall and lake levels
Lake level records from the Bombah point gauging station (Figure 7-7) give a good
indication of the rise and fall of water levels. The lake water level during the period
from planting (April 2006) stayed low for the first three months with a large amount
of lake shore sand exposed.
Lake level at Bombah Point Gauging Station
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Figure 7-7 Lake levels at Bombah Point gauging station from transect planting on 27 April 2006 to
the end of July 2007
Chapter 7 Seedling Establishment and Survival
161
A small rise in July followed by a sharp rise in September saw the level return,
covering the exposed sands and meet the more defined ‘banks’ at the lakes edge. It
wasn’t until the additional small rise in November 2006 (7 months after planting)
that the first most significant inundation of most transects occurred, which was
reflected in water level measurements taken in this study (Figure 7-13, 7-16, 7-19
and 7-24). It must be kept in mind, however, that as Bombah Point is a very narrow
channel the levels measured here may not be the same as other areas around the
lake.
There was little rain from November onwards and water levels dropped very low
over summer until June 2007 when there was very high rainfall (Figure 7-8) and
water levels rose a great deal, flooding some seedlings for the first time. For
example, at Mayer’s Point the level rose a further 50cm and inundated a further 5
seedlings than in November 06 (Figure 7-19).
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Figure 7-8 Total monthly rainfall for Nelson Bay and Forster from April 2006 to June 2007
Groundwater:
At Paperbark Picnic Area and One Horse Sands the foreshore zone is backed by
remnant dunes which have a deep sandy profile. Rainfall accumulating in the dune
sand creates an underlying, fresh water table in the foreshore zone with a
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considerable amount of downwards pressure towards the lake. Hence it was often
the case that when the lake water was quite saline, the underlying groundwater,
often right up to the water’s edge, remained quite fresh. Ground water salinity
readings were only taken on occasion, and an in-depth hydrological study would
provide a more accurate relationship between lake water and ground water in the
various locations. It may even be the case that there is enough ‘head’ on the water
table flow that fresh water may underlie the brackish lake water. This hydrological
feature is visible is aerial photographs taken of the Bombah Broadwater (viewed at
the Myall Lakes National Park Office) where tannin rich water can be seen entering
the lake along the majority of the eastern foreshore.
From the limited measurements taken in this study, it was obvious that there is an
underlying fresh water table in the foreshore areas adjacent to sand dunes, mostly
evident along the Eastern Broadwater. It is also likely that the ground water in these
dunes is supplied from both rainfall and the swamps / moors which tended to be
behind them. This fresh groundwater supply, along with the changing lake levels,
plays an important role in the survival of Paperbarks within the fringing forest.
Soil moisture in constructed profiles
Moisture content was measured as percentage gravimetric moisture content and
results for the two types of profile were recorded in Table 7-2 and 7-3.
The profile that was initially dry and then wet from the bottom up was found to be
quite hydrophobic and there was a distinct moisture cut off zone approximately 9cm
above the water table level maintained in the bucket (Table 7-2). On the other hand,
the profile that was initially wet from the top down had 25cm of soil that remained
wet above the water table and only the top 6cm dried out slightly, but still remained
moist (Table 7-3). The sand in the profile also compacted when fully saturated,
hence the total depth of sand in the tube was 38cm instead of 40.
The saturated soil had a moisture percentage of approximately 23.6%, which was
confirmed by previous laboratory tests which showed percentage water holding
capacity of Neranie sand to be 23.5%.
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Table 7-2 Neranie sand moisture profile after water table raised to depth of 33cm and held for 20
days
Sample # Description
Gravimetric moisture
content (%)
Distance down
profile (cm)
1 dry 0.0 0-24
2 apparently dry 0.1 0-24
3 wet zone 23.5 24-33
4 sat zone 23.9 33-40
Table 7-3 Neranie sand moisture profile after water table dropped from complete inundation to
33cm and held at 33cm for 20 days
Sample # Description
Gravimetric moisture
content (%)
Distance down
profile (cm)
1 moist 10.83 0-8
2 wet 23.94 8-23
3 wet 24.05 23-33
4 saturated 23.33 33-40
In relation to the fringing forest, this means that once the sand surface has been
inundated, the soil is relatively slow to dry out with a falling water table. A fall to
33cm allowed soil on the surface to remain moist, suggesting a much greater
lowering of the water table ,e.g., over 50cm, would be needed for the soil surface to
begin to dry out. This situation would provide a much wetter surface for the seed
and desiccation sensitive seedling, than a soil that is dry and only dependent on
water rising from the water table. The water table would have to be very shallow for
the soil above it to be wet due to capillary action, as seen by the distinct water cut-
off at 9cm above the water table.
Extrapolation of these results to the field would have to consider evaporation in the
field which would be different to that experienced by the pipes in the experiment.
The top few centimetres would dry out faster in the field depending on ground cover
and shade levels. The surface sand can, in effect, act as a mulch and provide some
protection from evaporation of the top section of the profile. If the water table was
to drop to 33cm and stay at the same level for an extended period, the moist surface
soil may eventually dry, depending on the presence of plant roots, and perhaps
highly evaporative winds and hot dry sunny conditions. However, capillary action
would maintain the wet zone at approximately 9cm above the water table.
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Seedling survival and growth:
Seedling survival was consistently high at all four sites for the first 6 months (Table
7-4 and Figure 7-9). Tree bags were still in place, which provided some protection
from herbivory and drying out. At 6 months it was the end of October 06, bringing
with it warmer temperatures and increased evaporation. By 9 months (Jan 06)
between two and three seedlings had died at each site and by 15 months (July 07)
there was a significant reduction in numbers at Paperbark Picnic Area and Mayer’s
Point, and a slight drop at One Horse Sands and West Legges.
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Figure 7-9 Seedling survival at the four different transplant sites
Table 7-4 Number of seedlings surviving at each site over time
Number planted 3mths 6mths 9mths 15mths
Paperbark Picnic Area 24 23 23 21 11
West Legges 24 23 23 22 19
Mayer’s Point 24 23 23 21 9
One Horse Sands 24 24 24 22 20
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Once the tree bags were removed, seedling growth was affected by herbivory and
insect attack at all four sites. Leaves were chewed and growth tips removed, which
made further height measurements less meaningful. Initial stem diameter
measurements were not taken and so this could not be used as a secondary
measurement to determine growth patterns. Some Paperbark seedlings showed the
ability to withstand a certain amount of herbivory by developing new shoots at the
point where the tip was removed; others developed epicormic shoots towards the
base of the seedling. It is interesting to note from these tables that the lowest
number of seedlings surviving was at Mayer’s Point, even though it appeared to have
much faster growing seedlings both before and after the decline in survival at 9
months (Table 7-5).
Table 7-5 Average height (mm) of surviving seedlings at each site over time
0 mths 3mths 6mths 9mths 15mths
Paperbark Picnic Area 242 304 259 401 445
West Legges 241 307 373 445 479
Mayer’s Point 242 323 508 541 737
One Horse Sands 218 339 388 438 444
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Results at Individual sites
Paperbark Picnic Area
The transect at Paperbark Picnic Area extends back from the shoreline into
vegetated remnant dunes. Hence there is a deep, sandy profile with evidence of an
underlying fresh water table flowing down from the dunes and into the lake. At this
site, seedling number 1, closest to the water, died within the first three months (by
end July 06) this was without doubt due to wave action, and from burial under
seagrass which was washed ashore during this period (Figure 7-10 and 7-11). Lake
water was very saline at 17.4dS/m (Table 7-6) damaging leaves on seedling 2.
Seedling growth is expected to begin to be affected at 10dS/m and to be significantly
reduced at 15dS/m (see Chapter 6).
Figure 7-10 Seedling number 1 at 1 month
after being buried by dumped seagrass
Figure 7-11 Seedling number 1 at 3 months
completely buried by seagrass
Table 7-6 Lake water and groundwater salinity at Paperbark Picnic Area
Salinity (dS/m)
Groundwater under seedlings in transectLake
water #2 #4 #8 #16 #24
1st Aug 06 17.4 6.2 * * * *
3rd Sept 06 15.2 * * * * *
6th Oct 06 8.7 * * * * *
7th Nov 06 9.6 5.8 * 0.3 0.2 0.2
10th Feb 07 13.0 0.2 0.2 0.2 0.2 0.2
Chapter 7 Seedling Establishment and Survival
167
0
100
200
300
400
500
600
700
800
0 2.4 4.8 7.2 9.6 12 14.4 16.8 19.2 21.6 24 26.4 28.8
Distance from shoreline (m)
G
ro
w
th
of
se
ed
lin
gs
(m
m
)
0
0.5
1
1.5
2
2.5
3
3.5
4
El
ev
at
io
n
(m
)
After 6 months After 15 months Elevation
Figure 7-12 Transplant height growth after 6 and 15 months at Paperbark Picnic Area
Seedling growth at 6 and 15 months is illustrated in Figure 7-12. Over the first 6
months, growth was greatest for seedling number 3 at 2.4m from the shoreline. The
general trend was a gradual decline in seedling growth with distance from the
shoreline. By 8 months the first six seedlings were recorded as being in bad form
with dead leaves and dead tips and epicormic growth. By 9 months (Jan 07),
seedling number 2 died after succumbing to salt scald from waves lapping at its base
and salt spray.
Between 12 and 15 months a large number of seedlings further back in the row died.
Over the summer months they were often observed to be wilting and many had lost
most of their leaves with only a few epicormic shoots remaining. Growth after 15
months is illustrated in Figure 7-12 even though some of the seedlings may have
died and the values shown on the chart represent growth up until the death of those
seedlings.
At 15 months the first six seedlings were dead and number 7 showed signs of
damage to foliage from salt scald. It was indicated by strand lines that the water had
risen in the previous month (June 07) to the base of seedling number 6; (Figure 7-13)
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suggesting inundation was possibly the final cause of death of these first six
seedlings.
Paperbark Picnic Area
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Figure 7-13 Ground water levels at Paperbark Picnic Area
Figure 7-14 shows the overall survival pattern at 15 months. Zones with more
survival or mortality have been marked depending on the pattern.
Figure 7-14 Transplant transect at Paperbark Picnic Area at 15 months
At Paperbark Picnic Area 100% mortality occurred within the first 6 seedlings and
100% of seedlings survived from seedlings 7 to 11. There was 54% mortality of
seedlings in the back half of the transect. Hence the most favourable site was
between seedling 6 and 12 which was between 6 and 13 metres from the shoreline.
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West Legges
At West Legges on the Western side of the Bombah Broadwater, the foreshore edge
was an eroded bank with a steep drop off into the water. The effects of erosion
could be seen by the fallen mature tree adjacent to the transect. The first seedling
(number 1) died almost immediately after planting, having wilted severely within
half an hour. At the time of planting the lake level reached the base of seedling
number 1 and was very saline, approximately 18.8dS/m.
The water table, however, was not saline and from seedling 3 back was close to fresh
with readings mostly under 1ds/m (Table 7-7). Closer to the lake’s edge,
groundwater salinity was higher with readings of around 4dS/m under seedling 2.
Table 7-7 Lake water and groundwater salinity at West Legges
Salinity (dS/m)
Groundwater under seedlings in transectLake
water #2 #3 #4 #7 #12 #16 #24
30th May 06 18.0 * * * * * * *
1st Aug 06 21.8 4 0.6 * 0.5 * * 0.4
10th Nov 06 8.3 * 0.4 0.5 0.3 0.4 0.3 *
10th Feb 07 10.6 4.3 * 0.6 0.3 0.3 0.3 0.3
With exception of seedling 1, seedling growth over the first 6 months showed a
pattern of increasing growth with distance from the shoreline back as far as 4.5m
seedling 4, from this point the trend in growth showed a gradual decline which
plateaued between approximately 14 and 24m which coincided with slightly higher,
level ground. Further back from this point there was a distinct increase in growth
associated with the downwards slope to swampland. Seedlings 22 and 24, in
particular, had the greatest growth of all seedlings in the transect (Figure 7-15).
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Figure 7-15 Transplant height growth after 6 and 15 months at West Legges
Seedlings performed better in the swampland than the best performing seedlings
towards the fringe of the lake. These swamp areas are occasionally inundated and
drain very quickly, as was observed after heavy rains in November 2006 when the
lake level rose and the swampland also became inundated up to at least 25cm at
seedling 24 and dropped 35cm to 10cm below ground within 3 days (Figure 7-16).
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Figure 7-16 Water levels at West Legges
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By 9 months (Jan 07) seedling 15 had died possibly due to lack of water. Rainfall and
lake levels were very low (Figure 7-7 and 7-8). The water table was also very low and
was estimated to be 1.0 to 1.2m deep.
Between 10 and 15 months (Feb to July 07) seedlings 2, 3 and 5 had died. Ground
water had dropped even lower. Seedling 6 was not in good form with leaf scald and
the tip missing. Heavy rain in the previous month (June 07) had caused the lake
water level to rise to about the base of seedling 6, which suggests that the deaths of
seedling 2, 3 and 5 may have been due to the inundation and lake water salinity.
Seedling 4 survived possibly due to being much taller than the others and therefore
not fully submerged. Growth after 15 months is shown in Figure 7-15 even though
some seedlings may have died and values represent growth up until the death of
those seedlings.
The overall survival pattern after 15 months (Figure 7-17) was four out of the first
five seedlings killed and only one seedling dead out of the remaining 18 seedlings.
Similar to the results of Paperbark Picnic Area, the first six metres had high mortality.
Figure 7-17 Transplant transect at West Legges at 15 months
Mayer’s Point
At Mayer’s Point, the transition between shoreline and lake is very gradual unlike
Paperbark Picnic Area and West Legges, which have a distinct ledge or eroded bank
that drops off into the water. The lower lying land, generally covered in sedges
(Cyperaceae) and reeds (Poaceae, Juncaceae), leads up to shallow headland soil. The
terrain is very rocky and the scattered Paperbark and Casuarina trees are smaller in
diameter to the large spreading trees at Paperbark Picnic Area and West Legges,
suggesting conditions are less favourable.
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Due to the gradual slope, the first few seedlings of the transect were periodically
inundated and had their roots mostly in wet or moist soil. Unlike the previous two
sites, there are no remnant dunes and no associated underlying fresh water table
draining down from the dunes. Instead, any under-lying water appeared to be lake
water and reflected similar or higher salinity readings (Table 7-8). Salinity levels
were measured in the groundwater under the first four seedlings during January,
when lake levels were low. They were very high and such levels would be expected
to cause the death of the seedlings, but only seedlings 2 and 3 died. Above seedling
4, salinity of the groundwater could not be tested, as rock was reached with the
auger before any ground water was reached.
Table 7-8 Lake water and groundwater salinity readings at Mayer’s Point
Salinity (dS/m)
Groundwater under seedlings in transectLake
water #1 #3 #4
6th Oct 06 8.3 * * *
9th Nov 06 6.0 * * *
10th Jan 07 10.7 12.2 15.4 21.3
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Figure 7-18 Transplant height growth after 6 and 15 months at Mayer's Point
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In the first three months there was only 1 death—seedling 21—which was
unexplained and there was a definite trend of increased growth from seedling 2 to 7
and then a decline with distance from the waters edge (Figure 7-18). Growth after 6
and 15 months shown in Figure 7-18 includes seedlings that may have died and
values represent growth up until the death of those seedling. At the time of planting
the first two seedlings were inundated by 5 and 2cm of water respectively. The lake
was level with the base of seedling 3 and the first 9 seedlings were planted directly
into flooded or moist soil. Within 3 months the lake level had risen further to the
base of seedling 4, after substantial rain in June 06, and flooded the first three
seedlings 12, 8 and 2.5cm respectively (Figure 7-19), meaning seedlings further back
in the transect also could access moisture with their roots.
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Figure 7-19 Water levels at Mayer’s Point
At 6 months no additional seedlings had died. The growth pattern was similar being
greatest from seedlings 4 to 7 and but not such an obvious decline with distance.
The small increase at the far end of the transect, (seedlings 23 and 24) was possibly
due to being adjacent to a fire trail where they are the first to receive any rainfall
infiltrated from this strip of levelled land. Green grass and vigorously growing
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creepers suggest there is ample moisture supply at this spot, which is in a fairly
sheltered position near fallen logs.
Within the first 6 months, the first three seedlings were regularly flooded and had
shown relatively high growth within the first 3 months but low growth overall in the
first 6 months. The adjacent seedlings, 4 and 5, showed relatively high growth for
both the first and second three month periods, having been in wet soil but not
flooded as often.
By 9 months (Jan 07), two additional seedlings died; numbers 2 and 18. Most of the
seedlings showed low vigour, many seedlings had growth tips missing or leaves
chewed, by wallabies or insects. By ten months, seedlings 3, 21 and 22 had also
died.
At 15 months (July 07), an additional ten seedlings (6, 7, 10 to 17 and 20) were dead
or close to dead as indicated by heavy leaf scald and dying grey coloured leaves
(Figure 7-20). The water level had been up to seedling 19 the previous month (June
07), and within one month had gradually lowered to seedling 17 (a drop of about
30cm) (Figure 7-21).
Figure 7-20 Seedling suffering leaf abscission, discolouration and damage, Mayer’s Point July 2007
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Figure 7-21 Inundated seedling transplants at Mayer’s Point July 2007
The overall survival pattern differed to the other sites with a much higher mortality
(73%) in the back of the transect than in the front (45%) (Figure 7-22). This suggests
that the shallow soil profile is much less conducive to survival than the deeper, sandy
dune profiles. In addition, the flattish terrain at this site was not conducive to
generating fresh groundwater flow in contrast to some of the other sites.
Figure 7-22 Transplant transect at Mayer’s Point at 15 months
One Horse Sands
The transect at One Horse Sands had the greatest rise in slope, with a sharp rise for
the last 5 seedlings back into vegetated dune hills. The shoreline at the waters edge
was gradual as opposed to a ledge / eroded bank and the first seedlings were
inundated on several occasions.
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Lake water had much lower salinity levels than the other three sites and the
underlying water table remained fresh (Table 7-9).
Table 7-9 Lake water and groundwater salinity at One Horse Sands
Salinity (dS/m)
Groundwater under seedlings in transectLake
Water #4 #8 #12 #16 #20
13th Apr 06 4.8 * * * * *
4th Sept 06 3.0 * * * * *
9th Nov 06 7.5 0.2 0.2 0.1 0.1 0.2
10th Feb 07 6.7 0.2 0.2 0.2 0.2 0.4
Within the first six months seedling number 1 had died and the greatest growth
occurred at seedlings, 4, 5, 7 and 21. Seedling number 1 was originally 23.5cm tall at
planting in April 2006. At three months (July 06) the water level was 27cm high and
the seedling was reduced in height to 17cm and was completely submerged. By five
months (Sept 06) it was still alive but with few leaves to support it. By six months
(October 06) it had grown 3cm but was unable to survive complete submersion and
was dead.
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Figure 7-23 Transplant height growth after 6 and 15 months at One Horse Sands
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One Horse Sands
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Figure 7-24 Water levels at One Horse Sands
Seedling number 2 experienced immersion but to a lesser extent. It was up to 8cm
at 3 months and 6cm at 6 months but remained in reasonable health except for
burnt tips. By 9 months (Jan 07) it had only epicormic growth and by 15 months (July
07) it was dead along with seedlings 1, 3 and 6. The lake water level had risen to the
base of seedling 9 at 14 months (June 07), no doubt contributing to the deaths
(Figure 7-24).
Growth after 6 and 15 months shown in Figure 7-23 includes seedlings that may
have died and values represent growth up until the death of those seedlings.
Seedlings 4, 7 and 21 had the best growth, but a general pattern was not very
obvious (Figure 7-23). All other 20 seedlings remained alive at this site by 15 months
though some were heavily attacked by insects or herbivores.
In the first 6 metres of the transect there was 67% mortality with 4 seedlings out of 6
dying. In the rest of the transect there was 100% survival showing that even beyond
the foreshore zone, seedling survival is possible, provided there is enough moisture
in the soil (Figure 7-25).
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Figure 7-25 Transplant transect at One Horse Sands at 15 months
The water table was very deep at the last 5 seedlings (Figure 7-24) and could not be
reached beyond seedling 20, which was only accessed when water levels were high
in November 06 and measured 135cm. At all other times, the water table here was
deeper than the auger which was 178cm long.
Survival during periods of low rainfall during October and December 06 and January
and May 07 (Figure 7-8) suggests these plants, unable to access the water table, are
able to tolerate low rainfall, providing there is adequate moisture held in the dune
sand. Seedling 21 growing on the side of the dune, beyond the existing zone of adult
Paperbarks, not only survived but showed exceptional growth relative to the rest of
the seedlings in the transect (Figure 7-23). Sand generally held within the auger,
indicating there was moisture present.
At all four transplant sites most seedlings suffered predation with their leaves
chewed and growth tips bitten off. The odd seedling at One Horse Sands was also
attacked by the ‘puffball’ gall, which mutates the apical growth point (Figure 7-26).
At Mayer’s point seedlings 12 to 18 were heavily attacked by herbivores or insects
and little regrowth was recorded during summer (Figure 7-27).
When conditions are more favourable, however, Paperbark seedlings do have the
ability to re-shoot, and seedlings that may look unpromising for several years, have
been shown to improve. Promising results can be seen at the Wells camping ground
(Figure 7-28) where fenced off seedlings were observed to grow very slowly during
the study period (from 2004) but were recorded at about 1.5m tall by July 2007.
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Never-the-less, these seedlings are several metres from the water’s edge and, similar
to the results of the transect experiments, other seedlings at this site, closer to the
lake edge and exposed to the damaging effects of salt and waves, have died, even
with protective fencing.
Figure 7-26 ‘Puffball’ gall affecting growing tip
of Paperbark seedling at One Horse Sands
Figure 7-27 Seedling at Mayer’s Point suffering
leaf and stem damage from herbivory
Figure 7-28a & b Seedling in enclosure at ‘The Wells’ camping ground approximately 1.5m tall
(Left: Arrow shows dead seedling closer to the water’s edge. Right: Vigorous new shoot growth)
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Discussion
In contrast to the previous studies of de Jong (2000), Howard (1973), Jusaitus (2005)
and Osunkoya and Creese (1997), this translocation experiment was not limited to a
small number of selected microsites. The establishment of a transect covering the
entire width of the foreshore zone of four widely separated sites across the National
Park, subjected the seedling transplants to a greater range of topographic and
environmental conditions. As Jusaitus (2005) states, marked differences can occur in
survival and growth within only a few metres.
As with many ecological field trials, environmental conditions cannot be controlled
and variation existed within and between each sample site. The experiment was
only observed periodically due to the field site distance from my base (380km) and
one could only make reasonable scientific based speculations as to what may have
caused an effect without having seen it occur.
Despite these challenges, several factors stood out as being important in seedling
establishment of Melaleuca quinquenervia. These were: (i) availability and
competition for moisture; (ii) the ability to withstand the physical forces of a lake
side, such as wave, wash and burial by seagrass; (iii) the level of salinity and effects
of salt spray; (iv) frequency and duration of inundation, and (v) herbivory and insect
attack.
These factors may all work in combination against the seedling and if one doesn’t kill
them, another might, until, that is, the seedlings have reached a stage of maturity
where they are able to withstand these adversities.
Seedling growth differed at each site. The fastest seedling growth occurred in the
areas that experienced intermittent soaking of the soil, i.e. Mayer’s point and the
low-lying swampland at West Legges. This is in agreement with Myers (1983) and
White (1988) who found significantly greater heights in saturated soil compared with
well-drained soil.
No significant correlations were found at any of the four sites between overall
growth of the seedlings and distance from the shoreline or elevation. There did
however, appear to be a general pattern of faster growth of the seedlings that
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weren’t right on the edge, but back 2 or 3 metres, usually the third, fourth or fifth
seedlings, though some other seedlings scattered throughout the rest of the transect
grew similarly well. This suggests that performance is better in areas that are
saturated, but not necessarily inundated, especially with saline water.
Salinity of the lake water plays a major role in seedling survival. At West Legges and
Paperbark Picnic Area, on the Bombah Broadwater, salinity levels were very high
during the period of seedling establishment, killing the first seedling at each site
within the first 3 months. One Horse Sands and Mayer’s Point had much lower lake
salinity levels with none of the inundated seedlings dying before 6 and 9 months
respectively.
The underlying water table draining down from the dunes provided fresh water
during periods of high lake salinity levels and is no doubt an important factor for
initial survival of the foreshore seedlings. However, the ability of seedlings number 1
and 4 at Mayer’s Point, to tolerate ground water salinity levels as high as 21dS/m,
suggests a level of tolerance of the roots to saline groundwater. There have been
several studies done on salinity tolerance in Melaleuca species (Denton et al. 1999;
Ladiges et al. 1981; Lowe et al. 2000; Mensforth and Walker 1996; Van der Moezel
and Bell 1987; Van der Moezel et al. 1991) and the mechanism of salt water
tolerance in M. halmaturorum is believed to be due to an ability to reach lower
xylem water potentials, hence maintaining the flux of water into the tree (Mensforth
and Walker 1996). A range of anatomical and morphological adaptations particularly
in the roots (Denton et al. 1999) enables access to deeper sources of fresh water
when ground water levels drop.
Few salinity studies have been done on Melaleuca quinquenervia and further
research in the way of controlled laboratory experiments and possible effects of
genotypic variation in salt tolerance levels are warranted.
At all sites, the ‘frontline’ seedlings suffered damage and eventual death. If not from
salt spray, it was due to physical damage of stems or complete removal by waves or
burial under a heavy, 20cm or thicker, strandline layer of seagrass. Even though the
growth charts showed fastest growth back 2 or 3m from the shoreline. Mortality
occurred within several more meters of the lakes edge, up to 7.2m in the case of
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Paperbark Picnic Area and 4.5m at West Legges. These sites were exposed to higher
salinity levels and choppy wave action from south westerly winds. Seedling number
1 at Mayer’s Point survived, most likely due to low salinity levels, and a tempering of
lack of destructive wave action by the associated reed vegetation.
The effects of inundation were more easily studied at Mayer’s Point due to the
lower-lying, gradual shoreline that was more frequently flooded than the other three
sites. The seedlings that survived the inundation were generally taller, and after the
substantial flooding of June 07, many appeared to suffer leaf abscission and
discolouration, which combined with the other effects of herbivory and insect attack,
made their future survival unlikely. Leaf loss and discolouration cause a decrease in
transpiration and along with decreased root and shoot growth, led to increased
susceptibility to attack and eventual death.
Based on studies in the Florida swamp terrain, USA, Myers (1983) reports that
submergence of seedlings retards growth and eventually causes death, though once
flooding recedes, growth can resume normally. This appears to be the case at Myall
Lakes, where overall, those seedlings that were inundated by the lake water, had a
reduced chance of survival, particularly at Mayer’s Point.
Denton and Ganf (1994) suggested recruitment of Melaleuca halmaturorum was
more likely at higher elevations due to mortality caused by flooding. Their ability to
survive 100% inundation increased with age and height, however it was during the
recovery period, that seedlings failed to survive. Only 22% of four month old
seedlings survived 100% coverage flooding for three weeks. Seedlings flooded only
to 50% of the stems lost their leaves from oxygen deficit, but managed to recover,
producing new leaf initials. Denton and Ganf (1994) suggested both flooding and
post flooding injury are likely causes of death, the first due to the proportion of stem
that is covered and the post flooding response is due to the duration of flooding.
At Mayer’s Point, the period of mostly complete submergence of the first 17
seedlings in June 2007, which is estimated to have receded at about 1cm per day,
appeared to kill those seedlings which hadn’t already died from insect attack and
lack of water over the summer. Only the tallest seedlings which had more leaves
extending above the water line managed to survive inundation.
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Competition for moisture occurred at Paperbark Picnic area, where several seedlings
had a slower growth rate than the other sites as indicated by very short internode
lengths. During summer, seedlings at this site were often found to be wilting, most
likely from exposure to hot westerly winds. This site also had much thicker ground
vegetation than any of the other sites and included Lomandra longifolia. Though this
would provide some shelter it would also compete with the seedlings for available
moisture. Once the protective tree bags were removed it was difficult to find the
seedlings in amongst the vegetation. The other three sites had less ground cover
competition, the seedlings being planted into leaf litter and benefiting from the
mulching qualities associated with it.
Extensive and fast root growth allowed seedlings to survive dry summers providing
there was some moisture in the soil, but soil that is too well drained or a profile too
shallow such as the rocky headlands is unlikely to support growth.
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7.2 Monitoring survival and mortality of naturally occurring seedlings
Introduction
The life history of most woody dominants in forested wetlands includes dispersal
primarily in water, germination only during the absence of flooding (drawdown),
death if seedlings are overtopped by water during the growing season and increasing
flexibility in water tolerance as they become adults (Middleton 2000).
The seedling stage is a very vulnerable stage for wetland species: As described by
Cronk and Siobhan-Fenessey (2001), stress is caused to the seedling by anaerobic
conditions that require rapid development of mechanisms to cope, such as
aerenchyma (large intercellular spaces in which gases may be stored and diffused);
unstable substrates affected by erosion and disturbance requiring early anchoring of
the root system; low light levels encountered under parent tree canopies or at
depth under water; competition for nutrients with mature neighbours and often
under low oxygen or saline conditions; and susceptibility to pathogens and
herbivores.
The shoreline of many wetlands support different zones of vegetation where
hydrological conditions change with elevation and water levels fluctuate over the
long term (Cronk and Siobhan-Fenessey 2001). A number of wetland species require
a water level at or below the soil surface in order to survive, e.g. Acer rubrum (red
maple) or a drawdown of water levels for germination and establishment e.g.
Melaleuca halmaturorum (Denton and Ganf 1994), Eucalyptus largiflorens (Treloar
1959) and Taxodium distichum (Bald Cypress) (Middleton 2000).
Jasper (2004) noted dense bands of young Melaleuca strobophylla Paperbark trees
that established after a flood at a Paperbark swamp, south east of Perth in WA. She
describes the plants as growing in ‘discernable lines, presumably having germinated
on ‘tide-lines’ as the flood water subsided’. Jasper suggests these plants are
opportunists and have evolved to respond to a particular set of circumstances.
At the beginning of this study period there were few reports of young Paperbark
seedlings growing in the fringing forest of in the Myall Lakes National Park. Some
areas such as The Wells and Shelley Beach already had areas fenced off by National
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Parks staff to protect young seedlings that germinated after a tree had fallen and
released large amounts of seed (Figure 7-28 and Figure 8-7).
A complete survey of the foreshore zone has not been carried out. Several boat trips
around the lake found some foreshore areas with younger saplings growing, though
not in great numbers. They were generally found growing in areas that were more
swampy and in amongst reedy vegetation which was often wet under foot e.g. areas
such as Kataway Bay and Neranie Sands.
It was not until March 2006, that a mass recruitment event was first observed, with
distinct bands of fresh young seedlings growing along the Broadwater foreshore on
the wet sand exposed by the receding lake level. This was the first sighting of a
germination event during this project and was very timely. It was also the first time
a mass recruitment of Paperbark seedlings had been recorded by National Parks
staff.
Further surveys showed corresponding events had occurred at other sites around
the National Park. Four locations around the park were selected for monitoring the
growth and survival of these seedlings. On the north eastern and eastern shores of
the Myall Lake sites were: (i) Neranie Sands and (ii) Neranie (Little Beach), and (iii)
One Horse Sands (Figure 7-29). On the eastern shoreline of the Bombah Broadwater
sites were: (i) Angophora Picnic Area, and (ii) Casuarina Picnic Area (Figure 7-30).
The objective was to determine the key conditions for successful seedling
establishment within the fringing forest. In order to do this, the seedlings that
germinated during this first event were regularly monitored to illustrate the
difficulties faced in the establishment phase.
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Figure 7-29 Location of quadrats at Myall Lake
Figure 7-30 Location of quadrats at the Bombah Broadwater
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Materials and Methods
Foreshore sites where germination occurred were visited on a near monthly basis
and observations recorded including changes in lake levels and salinity. A useful
method of monitoring seedling populations is with permanent quadrats (Gibson
2002; Kershaw and Looney 1985). Within the seedling zone at each site, a one metre
square quadrat was pegged out with wooden pegs so that it could be relocated on
subsequent visits. Seedlings growing within each quadrat were plotted using a thin
nylon grid and survival / mortality and growth recorded. Permanent tagging was not
a practical option as some seedlings were smaller than a tag and also a tag was likely
to get tangled very easily.
Results
1. The Myall Lake.
Site 1. Neranie Sands
This habitat appears to be favourable for seedling establishment as there are quite a
few juveniles already scattered around this site. It has a very flat terrain, with sandy
flats covered by extensive areas of mostly Baumea juncea and other sedges
(Cyperaceae) gradually leading back to swamp land. The soil is medium, fine sand,
with a neutral pH, which is often wet if not saturated. The area is subject to
southerly and south-westerly winds more-so in the colder months. In summer this is
a very sheltered area, protected from north easterly winds by the adjacent dunes to
the east and shallow waters make this a very popular tourist spot for swimming and
boating activities.
Juvenile, but reasonably established seedlings approximately 50cm to 1m high were
first observed growing here in November 2004, in amongst sedges on the sandy
flats. The water level flooded most of the sedges during that period (Figure 7-31 and
Figure 7-32).
A year later on 28 December 2005 seedlings, ranging from about 1 to 50cm, were
observed for the first time growing in saturated sand in amongst the sedges, near a
small inlet that led back into wet swampy terrain.
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Figure 7-31 Neranie Sands with inundation 29 November ‘04
Figure 7-32 Neranie Sands (close-up): young paperbark seedlings growing in amongst sedges (29
Nov ’04)
21 March 06: New seedlings were prolific on the wet sandy flats no longer under
water due to the receding lake level. Thousands were estimated to be growing
amongst the sedges and on exposed, wet sand further inland but generally not
further out where sand was still under water. Sizes ranged from first true leaves to
approximately 8 leaf stage (approximately 1-5cm tall) (Figure 7-33 and Figure 7-34).
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Figure 7-33 Neranie Sands: scattered young seedlings and capsules on exposed sand (21 Mar ‘06)
Figure 7-34 Groups of young seedlings in amongst sedges (Baumea juncea) (21 Mar ‘06)
6 April 06: A 1m square quadrat was pegged out just in front of a cohort of relatively
young trees. At this time lake levels were still relatively low and the water’s edge
was several metres away from the edge of the quadrat. Lake salinity was 7.2dS/m
but the underlying water table was quite fresh (0.3dS/m) being at a depth of 25cm
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under the quadrat. There was much root activity in the sand, mostly from sedges
and possibly from nearby Paperbarks. Seedling numbers were recorded (Table 7-10)
and height frequencies recorded in histograms (Appendix 8) on a near monthly basis
from this time onwards. Survival and growth are also illustrated in Figure 7-46.
Table 7-10 Seedling numbers in 1m2 quadrat at Neranie Sands
Numbers of seedlings Total in
per quarter of quadrat (0.25m2) 1m2
Date Q1 Q2 Q3 Q4
6 Apr 06 26 44 13 12 95
31 May 06 17 12 2 13 44
3 July 06 * * * * *
31 July 06 17 9 5 12 43
2 Sept 06 17 10 1 8 36
6 Oct 06 7 6 0 8 21
9 Nov 09 * * * * *
9 Dec 06 10 6 1 6 23
9 Jan 07 9 9 1 5 24
11 Feb 07 43 61 2 13 119
* = not able to be counted
31 May ‘06: The Lake level had risen and immersed the quadrat between 1 and
4cm. The seedlings that disappeared since April were mostly the smaller seedlings
up to approximately 50mm in height. They were presumably washed away by wave
action which was flattening sedges and dumping foam and debris, factors which are
detrimental to a small seedlings ability to anchor in wet sand (Figure 7-35 and 7-36).
The two tallest seedlings were reduced in height due to leaf abscission and damage
to tips.
1 2
4 3
Water
Shore
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Figure 7-35 Neranie Sands quadrat is flooded
approx 4cm. Debris and foam are deposited
in front of quadrat (31 May ‘06)
Figure 7-36 Neranie Sands: sedges are
flattened by wave action (31 May ‘06)
3 July 06: Water had risen slightly and was flooding the quadrat about 5cm. Waves
were substantial and seedlings could not be measured as they were covered by foam
(Figure 7-37). Seedlings were still visible in areas without foam though many areas
were still affected by debris (Figure 7-38).
Figure 7-37 Neranie Sands quadrat is flooded approx 5cm and covered with foam (3 July ‘06)
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Figure 7-38 Neranie Sands: sedges flattened by waves and debris (3 July ‘06)
31 July 06: Water had risen 11cm since last visit and the quadrat was flooded
between 13 and 16cm. Wave action and very cold water made measuring seedlings
very difficult (Figure 7-39).
Figure 7-39 Quadrat flooded with approx 15cm water (31 July ‘06)
9 September 06: The lake water level had dropped 12cm and the quadrat was
inundated between 4cm at the rear and 3mm at the front (Figure 7-40). Seedlings
had many dead tips and leaves missing. Lake water salinity was low at 3dS/m.
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Figure 7-40 Neranie Sands quadrat flooded up to 4cm (2 September ‘06)
6 October 06: The quadrat was still under approximately 5cm water (Figure 7-41).
Salinity had risen to 8dS/m and seedling numbers in the first and second quarters
closest to the lake (Q1 and Q2) had dropped significantly since the previous month
(Table 7-10).
Figure 7-41 Neranie Sands quadrat still
flooded 5cm (6 October ‘06)
Figure 7-42 Neranie Sands quadrat area after
heavy rains (7 November ‘06)
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7 November 06: The lake level had risen substantially due to heavy rains and the
quadrat was flooded between 27 and 29cm. Seedlings were still present but
turbulent water prevented their measurement. Natural tannins were present in the
water as it was very brown (Figure 7-42). Salinity was around 6 to 7dS/m.
9 December 06: Water level had dropped but was not recorded.
11 January 07: Water level had dropped very low (Figure 7-7 and Appendix 6A) and
the water’s edge was in front of exposed sand flats (Figure 7-43). Many new
seedlings were found in amongst the sedges (Figure 7-44) ranging from cotyledon
size to approximately 5 to 7 leaf stage. Three new germinants were found in Q2 of
the quadrat. Some larger seedlings were also observed which presumably survived
from the previous season. This had been the case with several of the larger seedlings
within the quadrat that had managed to survive for approximately one year. Though
the survivors were in fair condition and had not grown very much during periods of
inundation, once water levels receded growth is likely to have resumed normally
(Myers 1983).
Figure 7-43 Neranie Sands: water level has receded significantly (11 January ‘07)
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Figure 7-44 New Paperbark seedlings at the 5-7 leaf stage in amongst sedges (11 January ’07)
11 February 07: New germinants were prolific at Neranie Sands and estimated to be
in the thousands. This was reflected by a large increase in numbers within the
quadrat (Figure 7-45) which is also illustrated in Figure 7-46.
Figure 7-45 Neranie Sands: young seedlings approximately 5 leaf stage next to an older seedling
(approx. 20 leaf stage) that has survived the past season (February ’07)
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Figure 7-46 Position and heights of seedlings in the quadrat at Neranie Sands from April 2006 to
February 2007
21 July ‘07: Water level had risen substantially, approximately 30cm. The tallest
seedlings in the quadrat could only just be seen with leaves poking out above the
water (Figure 7-47), but survival of new smaller seedlings could not be ascertained at
this time.
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Figure 7-47 Neranie Sands quadrat area flooded again approximately 30cm (21 July ‘07). Arrows
show where tallest seedlings breach the water
The survival of the seedlings first recorded in April 2006 (square one in Figure 7.46)
was illustrated through to January 2007 in a survival curve (Figure 7-48). This
illustrates the dramatic decline of seedlings first observed at heights of between 1
and 50mm tall. There appears to be a much faster rate of mortality for younger,
smaller seedlings than the more established sizes over winter with rising lake levels.
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Figure 7-48 Survival curve for seedlings found in 1m2 quadrat at Neranie Sands. Seedlings first
recorded were grouped into four height classes (mm) as specified by the legend
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Site 2. Neranie (Little beach)
Site 2 is a small beach adjacent to Neranie Sands, and is subject to the same
conditions except this site is a small beach with a steeper slope, fewer reeds and
more concentrated erosion, as can be seen by the exposed roots of the mature
Paperbark tree on this beach (Figure 7-49). This habitat has been conducive to
seedling establishment in the past as juvenile saplings were first noted in November
2004 at approximately 20-150cm. They are growing on the beach sand in a line that
presumably corresponds to a strandline left by the receding lake level.
Figure 7-49 Paperbark and Eucalyptus saplings growing at Neranie Little Beach (29 November ‘04)
Also in March 2005 when lake levels were much lower, a handful of young seedlings
were found growing on the beach in wet sand, inland from sedges and reeds (Figure
7-50). They appeared to germinate from fresh seed fall from mature Paperbark that
they were in front of or alternatively from seed or seed capsules washed up in
amongst litter (Figure 7-51).
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Figure 7-50 Neranie Little Beach: location of
young seedlings (March ‘05)
Figure 7-51 Neranie Little Beach: close up of
seedlings found amongst litter and seed capsules
(March ‘05)
21 March ‘06: Young seedlings found in March 2005 were no longer present.
Original saplings first found in November 2004 were still present and had grown; the
tallest begin approximately 2m. New seedlings were found which had presumably
been there for several months as they were at the 10-12 leaf stage and
approximately 2m from the waters edge (Figure 7-52). The sand surface was dry but
only a few millimetres underneath it was damp. There were many scattered seed
capsules on the ground.
Figure 7-52 Young seedlings at Neranie Little Beach (21 March ‘06)
Chapter 7 Seedling Establishment and Survival
200
6 April ‘06: A one metre square quadrat was placed around the seedlings growing
3m from the water’s edge. Seedlings within the quadrat were plotted and their
heights measured. Numbers were recorded near monthly until they disappeared
(Table 7-11). Depth to water table was 36 to 38cm under the quadrat. The majority
of seedlings were at the four to five leaf stage and were 15mm or less tall.
Table 7-11 Seedling numbers in 1m2 quadrat at Neranie Little Beach
Numbers of seedlings Total in
per quarter of quadrat (0.25m2) 1m2
Date Q1 Q2 Q3 Q4
6 Apr 06 56 40 36 73 205
31 May 06 1 1 0 1 3
3 July 06 0 0 0 0 0
31 May ‘06: The water level had risen and was much closer to the quadrat, about
40cm. Only three seedlings remained, one (5mm tall) in the half closest to the water
and two (both 15mm tall) in the other half. Sand and litter covered the site and had
partially buried the remaining seedlings (Figure 7-53).
Figure 7-53 Position of quadrat at Neranie Little Beach (31 May ‘06)
1 2
4 3
Shore
Water
Chapter 7 Seedling Establishment and Survival
201
3 July ‘06: Lake water level had risen slightly and all remaining seedlings had gone
(Figure 7-54).
Figure 7-54 Neranie Little Beach: all small seedlings have disappeared (3 July ‘06)
Site 3. One Horse Sands
This site was originally a camping ground but access is now restricted, so the site is
generally undisturbed and plants are slowly regenerating. The prevailing winds are
westerly as it is protected from north easterly winds by large remnant dunes.
14 January ‘06: Seedlings were first discovered growing on the edge of the little
sandy beach next to the old camping ground. There were approximately seven
seedlings growing 2 metres from the waters edge, a few centimetres tall. The
seedlings further up the beach, away from the water tended to be bigger suggesting
they germinated there first.
21 March ‘06: The lake level had dropped since January exposing a further 1 to 2
metres of wet sand. There were estimated to be hundreds of new seedlings, with
the bigger ones generally being further away from the water’s edge, though small
seedlings were scattered throughout. The young ones were as small as first true
leaves and were presumed to have germinated within the previous month (Figure
7-55).
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Figure 7-55 New seedlings at One Horse Sands (21 March ‘06)
6 April ‘06: At this time lake levels were still relatively low and salinity was 4.8dS/m.
A quadrat 50cm wide by 2m long and was pegged out in the wet sand just above the
waters edge (Figure 7-56 and Figure 7-57). Seedlings within the quadrat were
plotted and their heights measured. Seedling numbers were recorded in Table 7-12.
Figure 7-56 One Horse Sands: position of quadrat marked with white line (6 April 06)
Chapter 7 Seedling Establishment and Survival
203
Figure 7-57 One Horse Sands: close up of seedlings within the 50cm square closest to the water’s
edge
Table 7-12 Seedling numbers in 1m2 quadrat at One Horse Sands
Numbers of seedlings Total in
per quarter of quadrat (0.25m2) 1m2
Date Q1 Q2 Q3 Q4 Total
6 April 06 83 73 117 157 430
2 June 06 0 0 0 0 0
Young seedlings mostly at the two leaf stage where also found growing nearby
submerged in amongst Casuarina roots (Figure 7-58).
26 April ‘06: Some seedlings had been washed away due to rising water levels.
Numbers were not recorded at this time.
Shore
Water
1
2
3
4
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Figure 7-58 One Horse Sands: Paperbark seedlings at 2 leaf stage growing under water amongst
Casuarina roots and in a washed up log (6 April ‘06)
2 June ‘06: The water level had risen about 30cm since 6 April and covered about
three quarters of the plot (Figure 7-59). No seedlings were left anywhere on this
beach. Only one or two very small first leaf stage seedlings remained submerged in
the log and Casuarina roots.
Figure 7-59 Position of quadrat at One Horse Sands (2 June ‘06). Previously exposed sand was
subject to wave action and no seedlings remained
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9 November ‘06: The water had risen after heavy rains. Newly germinated seedlings
at the cotyledon stage were observed underwater in amongst Paperbark tree roots
100m south of the small beach (at transect experiment site) (Figure 7-60).
Figure 7-60 One Horse Sands: Paperbark seedlings at cotyledon stage under water (9 November
2006)
9 January ‘07: Some germination was observed in exposed strandlines 100m north
of the small beach (near the field germination trial plot) (Figure 7-61). Identification
was later confirmed as Paperbark by taking a sample and growing them on.
Figure 7-61 One Horse Sands: cotyledon stage Paperbark seedlings (9 January ‘07)
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Young paperbark seedlings were also found amongst roots in near the water’s edge
at the transect experiment site (Figure 7-62).
Figure 7-62 One Horse Sands: seedlings amongst Paperbark roots (9 January ‘07)
February ‘07: Seedlings during November and January were no longer present and
presumably dried out as there was very low rainfall.
2. The Eastern Broadwater
2.a Angophora Picnic Area
This site, like much of the Eastern foreshore of the Bombah Broadwater, only has
exposed beaches during periods of low lake level. There are no reeds as this site and
lake water can get very choppy, causing extensive erosion of the foreshore banks.
Prevailing winds are mostly westerlies and south westerlies. Unlike the Myall Lake,
this lake can get very saline (up to 21.8dS/m recorded during this study).
March 06: Seedlings were first reported by National Park ranger, Fiona Miller, to be
growing in amongst grass on the sandy shoreline exposed by low lake levels (Figure
7-63). Seedlings were also found growing in great numbers both north and south of
this site, along the shoreline of the Broadwater. The size of some of these seedlings,
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approximately 20cm, suggested they were several months old and most likely
germinated during summer. They were very fleshy and green, appeared to be in
very good health and presumably growing fast.
Figure 7-63 Seedlings growing amongst grass on foreshore at Angophora Picnic Area (5 April ’06)
5 April 06: A selected area of seedlings was pegged out with a 1m square quadrat
approximately 5m from the water’s edge (Figure 7-64 and Figure 7-65). Depth to the
water table under the quadrat was 16 to 23cm. The lake water was very salty
(18.8dS/m) though the underlying water table was much less salty as 2m inland from
the water’s edge it was 3.8dS/m at a depth of 14cm. It was likely that salt levels
under the quadrat were less being further from the lake water and as mentioned in
the transect establishment trial, it was found that the underlying water table on the
Eastern Broadwater was relatively fresh.
Seedlings within the quadrat were plotted and their heights measured. Seedling
numbers were recorded near monthly until they disappeared (Table 7-13).
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Figure 7-64 Position of the quadrat at
Angophora Picnic Area 5 April 06 (arrow
indicates wet depression in front of plot)
Figure 7-65 Angophora Picnic Area: closer up,
taller seedlings at the higher end are furthest
from the water’s edge
Table 7-13 Seedling numbers in 1m2 quadrat at Angophora Picnic Area
Numbers of seedlings Total in
per quarter of quadrat (0.25m2) 1m2
Date Q1 Q2 Q3 Q4 Total
5 Apr 06 48 78 27 20 173
30 May 06 31 20 0 0 51
4 July 06 0 0 0 0 0
30 May ‘06: The lake level had risen, encroaching on some of the quadrat and had
washed Seagrass closer in to shore. The lakeward half of the quadrat was buried
with about 10cm of sand and there were no seedlings remaining in this half. The
other half further away from the water was only mildly affected (Figure 7-66). A wet
depression had formed behind the quadrat.
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Figure 7-66 Quadrat at Angophora Picnic Area (30 May ‘06)
3 July ’06: All seedlings had been washed away from the quadrat (Figure 7-67).
Some seedlings remained further inland, though those nearest the lake suffered the
effects of salt scald from the lake water which was very salty (19dS/m). Ground level
had changed again and a wet depression had appeared about 50cm inland from the
quadrat. Water from this depression was very fresh (0.8dS/m) which meant the
seedlings had their roots in fresh water seeping down from the dunes behind the
lake.
Figure 7-67 Quadrat at Angophora Picnic area (3 July ‘06). Note wet depression at the back
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31 July ’06: Other seedlings inland from the quadrat remained, those near the lake
were scalded and / or buried by seagrass.
2 September 06: Lake water was very salty throughout August and September and
seedlings along the Eastern Broadwater were unable to withstand effects of salt
spray and / or burial by seagrass. All that remained at this site are a few dead
seedlings (Figure 7-68).
Figure 7-68 Angophora Picnic Area: remaining seedlings are dead by 2 September ‘06
10 Feb 07: Five months later, the lake level was very low and fresh germination was
found once again along the exposed sandy foreshore on wet sand (Figure 7-69). The
area containing seedlings was about 3m wide on the sandy plateau between the
ledge of the foreshore bank and the lake water. Underground water was sampled
again and was found to be quite fresh (less than 1dS/m) whereas lake water was
fairly salty at 13dS/m.
Seedlings numbers were higher, further away from the lake water, suggesting they
started germinating there first and followed the receding lake water. Germinants
were very young and were not found a month previously so had presumably
germinated within the last month.
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Figure 7-69 Angophora Picnic Area: fresh germinants are in front of trees (10 February ‘07)
Note: quadrat frame used to mark the new position of seedlings has no reference to the original
position of the quadrat at this site.
May ’07: Within 3 months the lake water level had risen and formed a wet
depression within the germination zone (Figure 7-70). Seedlings ranged from three
to four leaf stage to approximately 20cm tall (about 26 leaf stage) (Figure 7-71).
Figure 7-70 Angophora Picnic Area:
regeneration zone (6 May ’07). Note wet
depression
Figure 7-71 Angophora Picnic Area: up to
20cm growth occurred in around 3 months (6
May ‘07)
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Seedlings were all destroyed when lake levels rose significantly over June / July 2007
(Figure 7-72).
Figure 7-72 Angophora Picnic Area: high water level flooding regeneration zone shown previously
in Fig 7-69 and -70 (14 July ‘07)
2.b Casuarina Picnic area
This site is about 0.5km south of Angophora Picnic Area, with a similar aspect.
5 April ’06: Seedlings were growing at the northern and southern ends of this picnic
area on wet sand exposed by low lake levels. In some areas they were found
growing in amongst thick grass. The amount of growth (some were up to 1m tall)
suggests they germinated several months prior. A distinct band of seedlings in front
of relatively younger trees (Figure 7-73) is presumed to be a result of washed up
seed or seed fallen from the adjacent trees as there were no obvious strandlines of
litter containing capsules.
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Figure 7-73 North Casuarina Picnic Area: a distinct band of young seedlings (5 April ’06)
Seedlings were also found at this site growing in amongst reed beds of Phragmites
australis (Common Reed) and Typha orientalis (Bullrush) (Figure 7-74).
Figure 7-74 Casuarina Picnic Area: Paperbark seedlings under Typha orientalis (Bullrush) and
Phragmites australis (Common reed)
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The lake water was very salty (18dS/m) in April. Previous trials in this study (Chapter
6) have shown seedling survival to be reduced at levels above 10dS/m. This suggests
the seedlings are possibly accessing underlying freshwater under the reed beds.
30 April 06: Seedlings at the southern end were selected for monitoring by pegging
out a one metre square quadrat. Numbers were recorded and their heights
measured on a near monthly basis until they disappeared (Table 7-14).
Table 7-14 Seedling numbers in 1m2 quadrat at Casuarina Picnic Area
Numbers of seedlings Total in
per quarter of quadrat (0.25m2) 1m2
Date Q1 Q2 Q3 Q4
30 Apr 06 27 25 16 19 87
30 May 06 10 10 15 18 53
4 July 06 0 2 4 8 14
31 July 06 0 0 0 0 0
The seedlings were growing right on the waters edge and the edge of the quadrat
was approximately 50cm in from the water’s edge. Seedling heights ranged from 1
to 80cm (Figure 7-75).
Figure 7-75 Quadrat at Casuarina Picnic Area (30 April ‘06) with seagrass strandlines in front
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With the rise in water level, shorter seedlings in amongst reeds were fully
submerged and could not be seen. The taller ones were still visible (Figure 7-76).
Lake water was 14.7dS/m.
Figure 7-76 Casuarina Picnic Area: Submerged Paperbark seedlings amongst reeds (Phragmites
australis) and Bullrushes (Typha orientalis) (30 April ‘06), previously shown in Fig 7-74
Other sections of foreshore had many seedlings growing very well (Figure 7-77), and
others were found to be wilting (Figure 7-78). This was first thought to be due to the
water in the puddle being saline, but it was tested and found to be quite fresh
(0.7dS/m).
Figure 7-77 A dense band of Paperbark seedlings south of Casuarina Picnic Area (30 April ’06)
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Hence the wilting is a result of the brackish lake water (14.7dS/m) washing over the
seedlings, which would be exacerbated by high winds.
Figure 7-78 Casuarina Picnic Area: seedlings wilting in a puddle of fresh water (30 April ‘06).
Seagrass strandlines are on the right
30 May 06: A further rise in lake water level caused strandlines of seagrass to be
deposited very close to the quadrat (Figure 7-79). As a result, numbers in the lake
side half were reduced by more than half (Table 7-14) most likely due to salt spray as
lake water was still quite salty at 13.5dS/m.
Figure 7-79 Casuarina Picnic Area: Seagrass strandlines encroach on quadrat (30 May ‘06)
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The same thick band of seedlings from Figure 7-77 suffered the damaging effects of
salt spray or burial under thick strandlines of Seagrass (Figure 7-80).
Figure 7-80 South of Casuarina Picnic Area: Seedlings previously shown in Fig 7-77 suffered damage
to foliage from salt spray (30 May ‘06)
The seedlings that were first seen growing north of Casuarina picnic area in April
(Figure 7-73) had now been submerged or washed away (Figure 7-81).
Figure 7-81 North Casuarina Picnic Area (30 May ‘06): Waves and Seagrass strandlines cover the
area where seedlings were observed growing on 5 April ‘06 (Fig 7-73)
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Phragmites reeds and Typha orientalis browned off, due to lake water salinity. The
Paperbark seedlings that were growing within the reeds, that survived submergence
the previous month, were dead.
4 July ‘06: Only a few seedlings remained in the quadrat, the majority had been
buried by seagrass or killed by salt water (Figure 7-82).
Figure 7-82 Quadrat buried by Seagrass (4 July ‘06)
Figure 7-83 South of Casuarina Picnic Area (3 July ’06): The band of seedlings first photographed in
April ’06 (Figure 7-77 and 7-80) continued to be affected by salt scald and burial
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Salt and seagrass continued to destroy the thick band of seedlings in Figure 7-83,
with those further inland being more sheltered having reached over 1m tall. The
Phragmites reeds and Bullrushes (Typha) browned off further with little remaining
green foliage, a good indicator of salinity which was 18dS/m (Figure 7-84).
Figure 7-84 Casuarina Picnic Area: Typha and Phragmites reeds browning off due to high salinity (4
July ‘06)
31 July ‘06: Seedlings in the quadrat completely disappeared. The quadrat was
completely submerged (Figure 7-85) and lake water was still very saline at 17.4dS/m.
Figure 7-85 Casuarina Picnic Area: area where the quadrat was, now submerged (1 August ‘06)
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A new sand shelf formed and mounds of seagrass buried most of the seedlings along
this shoreline that hadn’t already been washed away by wave action. Not many
remained, only one patch still existed where there were high numbers before (Figure
7-83), but even they were disappearing and suffered continual salt scald and burial
by seagrass (Figure 7-86).
Figure 7-86 South of Casuarina Picnic Area: Remains of the thick band of seedlings, eroded by rising
lake levels and covered by Seagrass (31 July ’06) previously shown in Figure 7-77, 7-79 and 7-82.
2 September ’06: The area where the last remaining band of seedlings grew was
completely transformed by the lake water. A new beach was carved out and
Seagrass dumped close to shore. There was no trace of any seedlings (Figure 7-87).
Seedlings had no chance of surviving here. Lake salinity levels dropped slightly from
July, but remain fairly high at 15.2dS/m.
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Figure 7-87 South of Casuarina Picnic Area (2 Sept ’06): area where seedlings were last seen on 31
July (Figure 7-86) changed dramatically
7 November ‘06: Water level rose significantly due to heavy rain. The beach where
the last remaining seedlings were growing (Figure 7-86) was further sculpted by the
lake water (Figure 7-88).
Figure 7-88 South of Casuarina Picnic Area (Nov ’06): area where seedlings were last seen on 31
July (Figure 7-86) subjected to considerable wave action
Ground water, which was brown from natural tannins, flowed rapidly into the lake
through drainage areas under the Mungo Brush road from swamps further inland
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(Figure 7-89). Young seedlings and some older saplings were growing in this wet
zone, which raises the question of whether the transition between swampland and
lake foreshore would have been more gradual prior to the road being constructed.
Figure 7-89 North Casuarina Picnic Area: Water channel flowed from swampland into the lake.
Young Paperbark seedlings are marked with arrows (10 Nov ’06)
6 May ’07: Young seedlings reappeared once again in several of the same places as
the previous year. Figure 7-90 is the same site as Figure 7-88 and seedlings at this
site now ranged between 1 and 20cm tall.
Figure 7-90 South of Casuarina Picnic Area (6 May ’07): New seedlings present in wet depression
(the same site as figure 7-88)
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June / July ’07: A substantial lake level rise saw the seedlings south of Casuarina
Picnic Area once again destroyed due to forces of a dynamic shoreline. Large
amounts of debris and Seagrass were dumped on shore (Figure 7-91).
Figure 7-91 Casuarina Picnic Area (July 2007), debris and Seagrass washed on shore after a lake
level rise
Discussion
From this study it has become clear that regeneration of Melaleuca quinquenervia
on an exposed sandy foreshore is fraught with danger due to lake salinity levels,
seagrass burial, and a very dynamic shoreline. For seedlings to survive the early
stages from germination and establish successfully, they need to be in an
environment removed from these threats. It became clear after one year’s
observation that Neranie Sands was the only site where seedlings survived over
winter until the next year. This is presumably due to the more sheltered, less saline
environment.
The mass germination event observed in March 2006 showed that seedlings require
the following to germinate:
(i) Seed supply falling from parent trees or seed washed up by the lake
(ii) Warm temperatures for germination
(iii) A substrate that is constantly wet
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Once germination has occurred the following is required for successful seedling
establishment.
(i) a substrate that is constantly wet and not likely to dry out until roots can access
underground water,
(ii) a substrate that is not likely to be eroded, to allow anchoring of seedlings’ roots,
(iii) a position sheltered from wave action and associated salt spray and debris such
as seagrass,
(iv) no inundation of the seedlings or at least, only a small percentage of the stem,
and
(v) low levels of salinity.
The role of light, that is vegetation canopy, was not examined in this chapter but is
likely to influence the rate of growth and hence seedling establishment. It has
become apparent that the majority of naturally germinating seedlings on the
foreshore are quite exposed, receiving large amounts of light. A future study of
comparative growth rates in light versus shade would be very interesting.
Field observations also suggest a natural preference for the fine lake sand as a
substrate surface, perhaps providing optimum contact of water with the seed.
Further examination of germination and seedling establishment in different
substrates may be useful.
This field study has shown that the likelihood of successful regeneration along the
Eastern Broadwater is very small. For favourable conditions to be met, it would
require a receding lake level, for an extended period, this would presumably be a
drought, long enough to allow enough growth of the seedling for it to be able to
withstand a subsequent rise in lake level. This may require several years.
Alternatively a severely wet period causing a flood, followed by receding lake levels,
may provide suitable conditions for subsequent germination on the wet soil, cleared
of litter, during drawdown. This would have to coincide with high temperatures
suitable for germination. This type of event would only be expected to occur rarely
as seasonal rainfall at the Myall Lakes is usually in late summer / autumn, when
temperatures are less likely to support germination.
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Examination of historical rainfall records may provide some idea of both scenarios.
i.e. the likelihood and magnitude of early, mid-summer rains or the frequency of
prolonged drought periods. These events are also likely to be influenced by climate
change.
The record of field observations clearly shows the requirements for germination and
seedling establishment listed above are not normally provided by the fringing forest
environment. This explains the very narrow band that is the existing paperbark
fringe and why most of the paperbarks in the lake fringe are old with optimum
conditions being presented rarely. The answer most likely lies within the dynamics
of the ever changing shoreline.
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Chapter 8 General Discussion
Introduction
The results obtained from this study indicate that recruitment of the Broad-leaved
Paperbark trees in the fringing forest at the Myall Lakes is dependent on a sequence
of events to trigger germination followed by favourable conditions for establishment
and growth of the seedling to a juvenile tree. In this chapter the key findings are
discussed in relation to events observed in the field and the likelihood of future
recruitment is considered.
Seed Production and Dispersal in the field
During this study, mass germination of the Broad-leaved Paperbarks in the fringing
forest was observed on two separate occasions, in the summer of 2005/06 and the
following summer of 2006/07. Continued observations of these new seedlings
supported by data obtained from detailed laboratory and field experiments, have
provided substantial evidence of the factors that trigger regeneration and those
required for the successful establishment of new recruits.
Low lake levels during the summer of 2005/06 and 2006/07, caused by drought
conditions in the catchment, resulted in the appearance of extensive bands of young
Paperbark seedlings along the exposed foreshores. Lake levels were at an all-time
low for an extended period, around 7 months, from September 05 to mid April 06.
They are normally expected to return with late summer / early autumn rains around
February / March. The large numbers of seedlings suggested that conditions
presented during this period were not only very favourable for germination, but also
for all other processes leading up to this event, that is, seed production and seed
dispersal.
Seed rain, viability and longevity experiments carried out in this study involving
detailed counting of seeds, have enabled the efficacy of production and dispersal of
Paperbark seed at the Myall Lakes to be estimated with confidence.
Chapter 8 General Discussion
227
Viability does not appear to be a limiting factor even though it has been shown to be
more variable than previous reports, with individual trees ranging from 5% to 26.4%.
Low viability was found to be compensated for by the very high numbers of seeds
produced by each tree. Canopy seed stores of randomly selected trees were
estimated to range from 250,000 to 121.5 million seeds per tree. The fact that
younger trees were found to have higher viabilities does not mean the more mature
trees are not producing enough seed. Even if viability is low, the older Paperbarks
have extensive spreading canopies which can produce millions of seed.
Seed rain varied throughout the sites, which may be attributed to the individual
trees under which the traps were placed, however, trees selected were considered
representative of those at that site. Seed rain ranged between 5 and 18g/m2 per
year at 5 sites, estimated to be between approximately 6,200 to 17,300 viable seed
per year. Seed rain was continual through out the year. Peak seed fall during
February and March of 2006 ranged from 2000 to 5288 viable seeds per m2 for five
out of seven sites. This was the first sample collected and so it is possible that seed
fall prior to this, during December and January, may have been higher.
To get some indication of whether or not these numbers are adequate, figures
obtained at One Horse Sands can be used as an example. At this site, several trees
surveyed had canopy seed stores in the order of 20 million seeds and peak seed fall
(during February and March 2006) was estimated at 4300 viable seeds per m2. Fresh
seedlings that germinated nearby within the same month were found on wet lake
sand at a density of 430 seedlings per m2. Hence the chances of fallen viable seed
germinating may be estimated as 10%.
The seedlings that germinated at One Horse Sands did not survive more than 2
months. At Neranie Sands, however, where seedling survival was most successful,
one in four or 25% of seedlings survived for at least one year.
So hypothetically, if a viable seed has a 10% chance of germinating in the field, when
nature presents the right conditions, and there is no more than 25% chance of
survival to 1 yr old, then for one seedling to survive per square metre, four seedlings
need to germinate which in turn requires 40 viable seed to fall. If the viability ranges
between 5% and 26.4%, this equates to a required seed fall of between 150 and 800
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seed per m2. Though this estimate will change for different sites and increase with
sub-optimal conditions, it is greatly exceeded at five out of seven sites during the
warmer months from December to March (Figure 4-7), leading to the conclusion that
seed production and dispersal is more than adequate for the germination of new
seedlings during the summer months.
The Paperbarks store seed for several seasons in an aerial seedbank, and numbers of
consecutive fruit clusters observed in the fringing forest Paperbarks generally
extended back only one or two seasons. Paperbarks elsewhere have been reported
to store up to around four or five cohorts of capsules, sometimes more, and the
exact reasons for the lower numbers in the Myall Lakes fringing forest are unknown.
It may be due to a variety of factors, including flowering and pollinator behaviour
and the presence of the ‘Puff Ball’ gall may also play a role. This area would benefit
from further study.
Estimated canopy seed store numbers, however, may provide some reassurance of
an adequate seed supply. Once again using data obtained from One Horse Sands, a
tree with a canopy spread of 78.5m2 was estimated to hold 24,150,000 seed (Table
4-5) equating to 307,643 seed per m2. If viability is estimated to be 15%, this tree is
storing 46,146 viable seed per m2 in the canopy. With an annual viable seed rain
estimated at 17,300 seed per m2, the aerial seedbank reserve equals about 2.6 years
supply for this tree.
Even if seed dispersal is low from overhead canopies, additional seed may be
transported to the site by the movement of lake water. Seed already dispersed from
capsules was found to float for at least two weeks, any seed that germinated in the
water, delayed root growth until a suitable substrate was found.
Seed rain and longevity experiments have also shown that an important aspect of
seed rain is timing. Peak seed fall was found to coincide with optimum temperature
conditions for germination during summer, attributed to hot dry conditions inducing
the opening of the serotinous capsules. In addition, seed fell continuously
throughout the rest of the year, with smaller numbers in the cooler months, August
having about one tenth the amount collected during summer.
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The importance of timing is reinforced by the fact that the soil seed bank was found
to be very small and insignificant as is it with most forest tree species (Harper 1977).
Hence the timing of seed release from the aerial seed bank in response to events
such as high temperatures, fire or tree fall is crucial to seed being available for
germination when conditions are optimal.
Paperbark seed was not found to bury itself to any great depth, with the small
number of seeds found in the soil being no deeper than 20mm. Seed that does
happen to be buried in the soil, however, was found to have a very high survival rate.
Hence, if seed fell prior to optimum germination conditions it may not be wasted, as
it was able to be stored in the soil for up to 6 months without any loss of viability,
after which it was found to steadily deteriorate to 36% viability within 12 months.
Buried seed will not be useful, however, until brought to the surface by some means,
as, though seed was found to be capable of germinating in sand to a depth of 30mm,
burial to only 5mm reduced emergence significantly (to 27%) in lake sand and
completely prevented it in the upper foreshore soil.
Germination and Emergence in the Field
Laboratory germination tests confirm that germination in the field is likely to occur
during warm summer temperatures. Of the temperatures tested, the alternating
temperature regime of 18/33°C was found to be a good equivalent to typical
summer temperatures recorded at the Myall Lakes. The number of consecutive days
required to reach 85% germination in this temperature regime was estimated to be 4
to 9 days. Winter temperatures were shown not to be conducive to germination
with the approximate days required estimated to be 20 to 60. Temperatures during
the warmer part of the day contributed more than those in the colder part of the
night with the threshold temperature being 10 degrees.
During the mass germination events over January and February, both in 2006 and
2007, lake levels were described by a long-term local resident as ‘rock bottom’.
Levels recorded by Manly Hydraulics at Bombah Point gauging station clearly reflect
this.
Chapter 8 General Discussion
230
During this time, seed fell onto the exposed wet sand from overhead canopies or
alternatively waves deposited floating seed onto a sandy ‘platform’ formed by the
wave action. This area was wet and safe from waves, and seedlings in this situation
grew very rapidly especially those that found themselves in fresh water depressions
that tended to form in the sand (Figure 7-67 and 7-70).
In areas such as the Eastern Broadwater and the eastern side of Myall Lake, where
the lake is backed by dune topography, the underlying fresh water table
accumulated in the dunes, flows down towards the lake and is very shallow at the
point where it meets the edge of the water, and in some cases it comes to the
surface, the sandy depressions filling with fresh water. Hence the fact that seedlings
on the lake sand could access fresh water meant that they could establish their roots
very rapidly even when they were adjacent to quite saline lake water. Melaleuca
roots are reported to follow a receding water level at a rate of 1cm per day (Woodall
1980).
Salinity levels at the Myall Lakes increased as rainfall decreased and lake levels
dropped. Even though laboratory germination tests showed Melaleuca
quinquenervia seeds can germinate in fairly high salinity levels (up to 20dS/m) fresh
water is more conducive to germination as the germination rate decreases at levels
higher than 5dS/m. Hence germination is more likely to occur in areas where there
is access to fresh water.
The lake sand itself was also found to be more conducive to germination and
emergence than the upper foreshore soil where germinants were unable to survive
past the cotyledon stage due to desiccation. The more homogenous surface texture
of the lake sand provides better contact between water and the seed. Germination
on the more organic, upper foreshore soil was hindered by uneven surface texture
which was shown in the depth of planting experiment to cause surface sown seed to
dry out. The exposed lake sand is free from competing vegetation and leaf litter
from Paperbarks, both of which are present on the upper foreshore. Though
germination was possible, Paperbark leaf litter was found to physically prevent the
emergence of seedlings causing low vigour and under-developed cotyledons.
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The fact that germination around January / February was observed two years
running along with its proven response to warm summer temperatures, suggests
that it is a regular seasonal occurrence. Numbers, however, are dependent on the
extent to which the lake drops and the amount of wet sand exposed. If the
germination ‘platform’ zone is only small, smaller numbers are likely to germinate.
It is not surprising that germination flushes have not been previously reported as
they are only likely to be recognized if the lake levels remain low, long enough for
seedlings to reach a reasonable size. Young Paperbark seedlings are extremely small
and in some cases are obscured by grasses and reed / sedge vegetation.
Establishment in the field
The recruitment of a new population depends, however, on more than a
germination event. Not only do the seeds need conditions to be favourable for
germination to occur, but to remain favourable for continued survival of seedlings.
The seedling transplant experiment along with the mortality recorded in the
naturally occurring seedling populations, have shown that it is survival during the
seedling establishment stage that appears to be the limiting process in the
recruitment cycle of the fringing forest Paperbarks.
In January / February 2006 and 2007, high numbers of seedlings were found in
various locations around the Myall Lakes foreshores. A significant proportion of the
Eastern Broadwater (approximately 300m) had bands and patches of seedlings
particularly in the areas near Casuarina Picnic Area, and the Northern Broadwater
Picnic areas. Other areas included One Horse Sands, Shelly Beach and Neranie
Sands. Germination was likely to have occurred at other sites, however limited
resources prevented a complete survey of the whole lake system which spans about
10,000 hectares.
All areas of seedlings that were selected for monitoring suffered 100% mortality
except Neranie Sands. The main factors causing death were (i) wave action and
rising lake levels washing away seedlings, (ii) the effects of salinity including both
inundation and salt spray, and (iii) complete burial of seedlings under dense
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strandlines of seagrass (Zostera spp.): these mounds were dumped on the lake shore
as lake levels rose, mostly in the more saline Broadwater. These three factors
combined tended to kill seedlings closest to the waters edge.
The transect experiment showed clearly that the first 6 or so metres from the lakes
edge is a zone of high mortality and seedlings here have a very low chance of
survival. The submergence of seedlings tended to cause leaf abscission and
discolouration, which, when combined with insect attack and herbivory, retarded
growth and in many cases caused death.
Van der Moezel et al. (1991) found the combined effects of salinity and
submergence to be detrimental to Melaleuca species seedling survival, however they
used very high levels of salinity (63dS/m). A study of this sort, but using salinity
levels more reflective of the site would be very useful to determine the duration of
tolerance. It was difficult to determine this in the field because of the problem of
separating the salinity response from the effects of salt spray.
Tolerance to a range of inundation levels ranging from saturated soils to complete
submergence is reported in various studies on Melaleucas (Denton and Ganf 1994;
Lockhart et al. 1999; Myers 1983). Myers (1983) reports the resuming of normal
growth of M. quinquenervia seedlings after total submergence for up to 6 months
and Denton and Ganf (1994) report M. halmaturorum can only tolerate short periods
of three weeks or less. However, the variation of techniques and assessment used in
flooding tolerance experiments can sometimes lead to anomalous results (Gill 1970).
There is also likely to be profound differences in tolerance between species and even
between populations of a single species. Hence further study of the duration and
recovery of the fringing forest M. quinquenervia from inundation would be
beneficial.
Behind the high mortality zone is a safer habitat for seedling survival. Seedlings
further from the water’s edge were found to survive reasonably well, if protected
from herbivores, even on sandy dune soil which held some moisture, but shallow,
stony profiles such as those at Mayer’s Point, were too dry and lack of water slowed
growth and in most cases resulted in death.
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But as observed from the germination field trial, this is not the zone where seeds are
most likely to germinate, and even if they do, they are likely to dry out before they
can extend their roots down. As Harper (1977) states, the ideal site for germination
is not always the ideal for seedling survival.
The only area found to be suitable for both is within the sedge vegetation on the
sand flats at Neranie Sands (Figure 8-1). This was the only site where natural
germination was monitored that did not have 100% mortality of seedlings. In the
quadrat monitored, 25% of seedlings coped with winter and inundation to survive to
the next year.
The characteristics of the Neranie Sands site that favour seedling establishment are
considered to be the following: (i) Salinity levels here, though quite high at times,
are lower than other areas of the lakes, (ii) this is a sheltered position, away from
the prevailing north easterly winds during summer when seedlings are young and
sensitive to desiccation, (iii) the flat terrain is permanently moist, and (iv) sedge
vegetation offers some protection from destructive wave action and debris.
Figure 8-1 Sedges (Cyperaceae) at Neranie Sands supporting growth of young Paperbark seedlings
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Reeds and rushes play a very important role in protecting the shoreline. Where they
have disappeared or died back, the wave action can cut away at the shoreline
exposing tree roots and eventually uprooting trees (Bird 1978). This is evident at
several sites around the Myall Lakes where the erosion of banks has occurred
making it hazardous not only for establishment of new seedlings (Figure 8-5) but for
the stability of fully grown trees.
Osborne and Robertson (1939) reported the presence of waist high seedlings on the
Eastern Broadwater. Their accompanying photograph (Plate vii, Fig 9) shows
vegetation resembling sedges or reeds in the zone where some seedlings have
managed to establish, suggesting the success of the seedlings may in some part be
associated with the build-up of a sandy shoreline.
Bird (1978) describes the idea of a vegetation succession around the Gippsland lakes
where Melaleuca ericifolia dominates the vegetation and mud flats are built up by
reeds spreading into the lake. Land is first built up by sedimentation within a reed
fringe and, by colonizing these reedy mudflats, the Paperbarks can encroach on the
lake. These areas continually take on litter and build up a spongy, peaty ‘soil’ bound
together by a network of shallow roots. This pattern of reshaping of shorelines
appears to have occurred at the Myall lakes. Some good examples of this can be
seen in the in the lower Brasswater, a very wide section of the Lower Myall River
(Figure 8-2 and 8-3), where large expanses of Sedges (Cyperaceae) spread out into
the water forming the spongy, ‘peat’ in which some young Paperbarks (along with
Casuarinas) appear to be able to establish.
Casuarinas are more dominant in the more saline estuary as they have a far greater
tolerance to salinity than the Paperbarks, with seedling growth being unaffected up
to 36dS/m (White 1988). Also, Figure 8-4 shows a patch of Phragmites australis
reeds and Typha orientalis on the Eastern Broadwater that is supporting the
establishment of a few juvenile Paperbarks.
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Figure 8-2 Extensive beds of Sedges in front of
Paperbark trees in the background supporting
young Casuarina trees – lower Brasswater
Figure 8-3 Land is swampy but firm enough to
stand on and to support growth of Paperbarks
and Casuarinas – lower Brasswater
Figure 8-4 Common Reed (Phragmites australis)
and Bullrush (Typha orientalis) on the eastern
Bombah Broadwater support the establishment
of juvenile Paperbarks
Figure 8-5 Rare juvenile seedlings found on
Eastern Bombah Broadwater face strong south
westerly winds, wave action, bank erosion and
seagrass strandlines
Prospects for Paperbark establishment
Germination has been shown to depend on the synchronization of warm summer
temperatures, and peak summer seed supply falling from parent trees and possibly
being further transported by water to a substrate that is constantly wet, namely,
exposed wet lake sand.
Subsequent seedling establishment is only likely to occur in an area where it is
removed from the threats previously discussed, such as wave action, seagrass,
salinity, erosion of shoreline and desiccation. These prospects have been illustrated
in a flowchart in Figure 8-6.
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Figure 8-6 Flowchart of factors influencing Paperbark recruitment
Note: Green boxes represent factors presented by the environment of the Myall Lakes. Blue boxes
represent stages and results as part of recruitment, and red boxes represent failure to achieve a stage
of recruitment.
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The chances of seedling establishment occurring along the Eastern Broadwater have
been shown to be slim. In order for seedlings here to reach a stage where they can
withstand the forces of the returning lake level, it would require an extended dry
spell or drought period to keep the lake level low for a very long time, much longer
than the seven months witnessed in 2006.
Another situation that may favour establishment would be if flooding of the fringing
zone occurred in early summer and peak seed fall along with high temperatures
coincided with the slow recession of floodwaters. Seed that is washed up by the
flood would be deposited as waters receded and would germinate higher up within
the fringing forest on the foreshore soil, possibly cleared of litter by the flood.
Seedlings would not have to contend with saline water and the damaging effects of
salt spray, or wave action associated with the return of lake levels.
The fact that the Broad-leaved Paperbarks at the Myall Lakes are situated near the
southern end of their range in Australia means they are also south of the more
summer dominant rainfall regions of northern New South Wales and Queensland. It
follows then, that they may differ to some extent, in recruitment behaviour from
populations in more tropical locations.
The lake level records for Bombah Point, on the Bombah Broadwater, provided by
Manly Hydraulics (see chart in Appendix 6A), show receding floodwaters during
summer are infrequent, which may explain the relatively few age cohorts present on
the foreshore. Rains usually come later, at the end of summer and autumn when
temperatures are cooler and germination less likely. During this study, moderate
flooding of the fringing forest zone was observed on initial field visits during October
2004 (Figure 8-7), and again in June 2007. The only other recorded flood was in May
/ June 2003 which was far bigger.
At the Wells camping Ground there are several seedlings growing several metres
inland from the lake shore, presumably having germinated after a fallen tree
released all its seed in December 2000. This area is prone to flooding (Figure 8-7)
and the saturated soil would likely have encouraged germination of the fallen seed
and also helped some seedlings to survive. Unfortunately, no water level records are
available for this period as they only go back as far as July 2001.
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It would be of great interest to investigate the frequency and magnitude of lake level
cycles at the Myall Lakes and the relationship with Paperbark recruitment. Hence
the continuation of the current lake level recordings would be highly beneficial for
future research. This kind of study would be enhanced by measuring the actual ages
of tree cohorts, using growth ring analysis as a means of establishing just how
frequently previous regeneration events have occurred. In conjunction with
continued climatic and lake level records this may then allow one to predict future
regeneration events on the Myall Lakes foreshores.
Figure 8-7 Lake water flooding the fringing forest zone at The Wells Camping ground Oct 2004
Seedlings thought to be from large amounts of seed released by a fallen tree and subsequent tree
works in 2000, have been fenced off and are seen here continuing to grow.
Management recommendations
Key management recommendations based on this analysis are as follows:
1. Maintaining a reduction of wave wash from recreational boating activities near
sensitive shoreline areas where germination has been previously recorded or is likely
to occur. This may offer some protection of existing littoral buffering vegetation
such as sedges and reeds and in turn, restore suitable microsites for germination of
paperbarks.
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2. Increasing public awareness of the presence of fragile seedlings may prevent the
unnecessary trampling or disturbance of young seedlings on foreshore areas, such as
Neranie Sands, where there is evidence of watercraft entering the sedge flats.
3. In the case of areas where existing paperbarks have had to be removed for public
safety, park management may decide to employ more speedy methods of Paperbark
establishment, rather than relying on natural recruitment. In this case, moderate
scale plantings of local provenance Paperbark seedlings may be appropriate in the
zones where survival was found to be highest. Where sandy, reedy flats do not exist,
the ideal planting zone would be in the area back from the edge of the lake, away
from the salt spray zone. Consideration should be given to the presence of
underlying freshwater tables as a means of moisture supply when selecting locations
for newly planted seedlings. The success of these plantings would also depend on
the movement of the lake levels and the season. If the seedlings were likely to be
subject to inundation, chances of survival would increase if they were planted at a
fairly established size such as 1m whips. Also protection of young seedlings with tree
guards, bags or fences is recommended as herbivory from mammals or insects was a
major cause of mortality at some sites.
4. In the event of receding floodwaters during summer, it may be possible to find
more areas where germination has occurred within the fringing forest. These may
benefit from protective fencing if they are located within high public use camping or
recreational zones.
5. Continued monitoring of sapling recruitment, would add to our understanding of
Paperbark requirements and provide useful information for future ecological studies.
6. Future research on the various lake fringe communities of the Myall Lakes would
benefit from continued monitoring of lake levels and also lake salinity levels.
General Conclusion
This study has shown the fringing forest Paperbarks to have very high reproductive
potential. However, they are also a highly specialized forest type with regeneration
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only possible after a series of rare events happening in a definite sequence and, such
events appear to be closely tied to the dynamics of the lake which they surround.
Observations over the timeframe of this study, painted a fairly grim picture of
seedling recruitment for the fringing forest Paperbarks, with dramatic numbers of
seedlings appearing on the shorelines of the lakes, only to be continually destroyed
by the next rise in lake level. It may be, however, that over a much longer time
frame, events such as an extended dry period, may present themselves, enabling
sufficient recruitment to occur to ensure the replacement of the existing population.
Meanwhile, it is hoped that the information provided by this study will assist in the
management of the existing fringing forest Paperbark population.
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Appendices
Appendix 1
Species listed as being found in the Fringing Forest of Myall Lakes. Sourced from
Myerscough and Carolin, (1986) Appendix 1 on page 456 of Cunninghamia (Volume
1, Issue 4)
Pteridophyta (ferns, club mosses,
horsetails etc)
Family
Blechnum indicum Blechnaceae
Todea Barbara Osmundaceae
Platycerium bifurcatum Polypodiaceae
Angiospermae – Monocotyledons
Baumea articulata Cyperaceae
Baumea arthrophylla “
Baumea juncea “
Carex longebrachiata “
Cladium procerum “
Cyperus polystachyos “
Gahnia sieberiana “
Isolepsis inundata “
Lepidosperma longitudinale “
Schoenus maschalinus “
Schoenoplectus litoralis “
Schoenoplectus validus “
Eriocaulon scariosum Eriocaulaceae
Juncus krausii Juncaceae
Maundia triglochinoides Juncaginaceae
Lomandra longifolia subsp. longifolia Lomandraceae
Dendrobium teretifolium Orchidaceae
Phragmites australis Poaceae
Typha orientalis Typhaceae
Dicotyledons
Lilaeopsis polyantha Apiaceae
Aster subulatis* Asteraceae
Cotula coronopifolia “
Cotula longipes “
Hypochoeris radicata* “
Casuarina glauca Casuarinaceae
Sarcocornia quinquefolia Chenopodiaceae
Drosera binata Droseraceae
Goodenia paniculata Goodeniaceaea
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Gonocarpus micranthus Haloragaceae
Myriophyllum propinquum “
Lobelia alata Lobeliaceae
Melaleuca quinquenervia Myrtaceae
Ludwigia peploides subsp montevidensis Onagraceae
Polygonum strigosum Polygonaceae
Anagallis arvensis* Primulaceae
Samolus repens “
Clematis aristata Ranunculaceae
Ranunculus inundatus “
Cupaniopsis anacardioides Sapindaceae
Gratiola pubescens Schrophulariaceae
* indicates introduced species
List of Melaleuca species present at Myall Lakes
Species name Community
Melaleuca armillaris Headland Thicket
M. nodosa Dry Heath forest, Dry Heath, Wet Heath, Wet Heath Forest
M. quinquenervia Dry Heath Forest, Wet Heath Forest, Swamp Forest, Swamp,
Fringing Forest
M. sieberi Wet Heath, Wet Heath Forest
M. styphelioides Wet Sclerophyll Forest
M. thymifolia Dry Heath Forest, Dry Heath, Wet Heath
Submerged aquatic species recorded at the Myall Lakes
Species Family
Monocotyledons
Vallisneria gigantea Hydrocharitaceae
Triglochin procera Juncaginaceae
Najas marina ssp.armata Najadaceae
Potamogeton pectinatus Potamogetonaceae
P. perfoliatus “
P. tricarinatus “
Ruppia megacarpa Ruppiaceae
Zostera capricorni Zosteraceae
Dicotyledons
Myriophyllum aquaticum Halorageceae
Nymphaea capensis* Nymphaeaceaea
Floating aquatic species recorded at the Myall Lakes
Species Family
Monocotyledons
Azolla pinnata Azollaceae
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Appendix 2A
A two factor nested model Analysis of variance (trees nested within maturity class)
showed there was a significant difference between viability percentage of 12 trees
(P=0.05).
Analysis of variance
Variate: angviab
Source of variation d.f. s.s. m.s. v.r. F pr.
Maturity 2 727.225 363.612 59.43 <.001
Maturity.Tree9 606.720 67.413 11.02 <.001
Residual 48 293.659 6.118
Total 59 1627.604
Tables of means
Variate: angviab
Grand mean 20.26
Maturity 1(young) 2 (mature) 3 (over-mature)
25.05 16.88 .85
Maturity Tree 1 2 4 5 6 7
1 30.89 22.39
2 12.81
3 20.69 19.23 18.23
Maturity Tree 8 9 10 11 12 13
1 25.63 21.28
2 22.70 17.87 14.13
3 17.24
Standard errors of differences of means
Table Maturity Maturity
Tree
rep. 20 5
d.f. 48 48
s.e.d. 0.782 1.564
Least significant differences of means (5% level)
Table Maturity Maturity
Tree
rep. 20 5
d.f. 48 48
l.s.d. 1.573 3.145
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Appendix 2B
Analysis of variance of the diameter at breast height (DBH) of the three levels of
maturity, viz young, mature and over-mature.
Analysis of variance
Variate: dbh_1
Source of variation d.f. s.s. m.s. v.r. F pr.
maturity 2 8619.5 4309.8 34.49 <.001
Residual 9 1124.5 124.9
Total 11 9744.0
Tables of means
Variate: dbh_1
Grand mean 42.0
Maturity: young mature over-mature
12.8a 35.8b 77.5c
Standard errors of differences of means
Table maturity
rep. 4
d.f. 9
s.e.d. 7.90
Least significant differences of means (5% level)
Table maturity
rep. 4
d.f. 9
l.s.d. 17.88
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Appendix 2C
(i) Regression analysis for DBH versus tree maturity
SUMMARY OUTPUT for dbh vs maturity
Regression Statistics
Multiple R 0.927654238
R Square 0.860542385
Adjusted R Square 0.846596624
Standard Error 11.65707939
Observations 12
ANOVA
df SS MS F Significance F
Regression 1 8385.125 8385.125 61.70637 1.38107E-05
Residual 10 1358.875 135.8875
Total 11 9744
(ii) Regression analysis for DBH versus seed viability
SUMMARY OUTPUT for raw data for dbhvs viability
Regression Statistics
Multiple R 0.41054
R Square 0.16854
Adjusted R Square 0.0854
Standard Error 5.5585
Observations 12
ANOVA
df SS MS F Significance F
Regression 1 62.6307 62.6307 2.02708 0.184961995
Residual 10 308.969 30.8969
Total 11 371.6
(iii) Regression analysis for loge DBH versus tree maturity
SUMMARY OUTPUT for loge data for 12 trees dbh vs maturity
Regression Statistics
Multiple R 0.5285
R Square 0.27931
Adjusted R Square 0.20724
Standard Error 5.17502
Observations 12
ANOVA
df SS MS F Significance F
Regression 1 103.791 103.791 3.87558 0.077317883
Residual 10 267.809 26.7809
Total 11 371.6
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Appendix 3a
Regression on capsule number relationship to seed weight at West Legges
SUMMARY OUTPUT
Regression Statistics
Multiple R 0.916637
R Square 0.840223
Adjusted R Square 0.82247
Standard Error 0.223772
Observations 11
ANOVA
df SS MS F Significance F
Regression 1 2.36993 2.36993 47.32854 7.22998E-05
Residual 9 0.450666 0.050074
Total 10 2.820596
Appendix 3b
Regression performed on capsule number effect on seed weight at Mungo Brush
(trap in Gap)
SUMMARY OUTPUT
Regression Statistics
Multiple R 0.582670164
R Square 0.33950452
Adjusted R Square 0.266116133
Standard Error 82.74484571
Observations 11
ANOVA
df SS MS F Significance F
Regression 1 31673.8 31673.8 4.626134 0.05995416
Residual 9 61620.39 6846.709
Total 10 93294.18
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Appendix 4a
Analysis of variance of number of viable seed in soil cores taken at increasing
distances from the tree trunk at the Wells (P= 0.05)
Variate: no_seed
Source of variation d.f. s.s. m.s. v.r. F pr.
dist 3 14.800 4.933 0.70 0.567
Residual 16 113.200 7.075
Total 19 128.000
***** Tables of means *****
Variate: no. of seed
Grand mean 3.00
Distance (m) 1 2 3 4
4.40 3.00 2.40 2.20
*** Standard errors of differences of means ***
Table dist
rep. 5
d.f. 16
s.e.d. 1.682
*** Least significant differences of means (5% level) ***
Table dist
rep. 5
d.f. 16
l.s.d. 3.566
Appendix 4b
Regression preformed on seed survival percentage over time
SUMMARY OUTPUT
Regression Statistics
Multiple R 0.874854
R Square 0.765369
Adjusted R Square 0.739299
Standard Error 11.04774
Observations 11
ANOVA
df SS MS F Significance F
Regression 1 3583.241 3583.241 29.35818 0.000423
Residual 9 1098.473 122.0525
Total 10 4681.714
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Appendix 5a
ANOVA performed on angular transformed germination percentage data at Days 4,
7, 10, 14, 20 and 54
***** Analysis of variance for Day 4 *****
Variate: angular%day4
Source of variation d.f. s.s. m.s. v.r. F pr.
Temp 3 21046.97 7015.66 72.04 <.001
Residual 28 2726.82 97.39
Total 31 23773.79
* MESSAGE: the following units have large residuals.
*units* 11 0.0 s.e. 9.2
*units* 26 20.5 s.e. 9.2
*units* 30 -20.7 s.e. 9.2
***** Tables of means *****
Variate: angular%day4
Grand mean 43.1
Tempday5 1 (12/27C) 2 (25C) 3 (30C) 4 (18/33C)
1.4 44.1 57.2 69.5
*** Standard errors of differences of means *** s.e.d. 4.93
*** Least significant differences of means (5% level) ***l.s.d. 10.11
***** Analysis of variance for Day 7 *****
Variate: angular%7
Source of variation d.f. s.s. m.s. v.r. F pr.
Temp 6 69527.16 11587.86 240.13 <.001
Residual 49 2364.56 48.26
Total 55 71891.72
* MESSAGE: the following units have large residuals.
*units* 54 -25.40 s.e. 6.50
***** Tables of means *****
Variate: angular%7
Grand mean 48.91
Temp 3.00 4.00 5.00 6.00 7.00 8.00 9.00
0.00 32.63 83.53 80.97 0.00 60.55 84.68
*** Standard errors of differences of means *** s.e.d. 3.473
*** Least significant differences of means (5% level) ***l.s.d. 6.980
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***** Analysis of variance for Day 10 *****
Variate: angular%10
Source of variation d.f. s.s. m.s. v.r. F pr.
Tempday10 6 58312.08 9718.68 256.05 <.001
Residual 49 1859.85 37.96
Total 55 60171.93
***** Tables of means *****
Variate: angular%10
Grand mean 62.65
Tempday 10 3.00 4.00 5.00 6.00 7.00 8.00 9.00
19.90 65.65 90.00 88.52 6.98 79.00 88.50
*** Standard errors of differences of means ***s.e.d. 3.080
*** Least significant differences of means (5% level) ***l.s.d. 6.190
***** Analysis of variance for Day 14 *****
Variate: angular%day14
Source of variation d.f. s.s. m.s. v.r. F pr.
Tempday14 6 25385.88 4230.98 67.75 <.001
Residual 49 3060.02 62.45
Total 55 28445.89
***** Tables of means *****
Variate: angular%day14
Grand mean 74.0
Tempday14 3.00 4.00 5.00 6.00 7.00 8.00 9.00
41.1 81.3 90.0 90.0 40.2 87.1 88.5
*** Standard errors of differences of means ***s.e.d. 3.95
*** Least significant differences of means (5% level) ***l.s.d. 7.94
***** Analysis of variance for Day 20 *****
Variate: angular%day20
Source of variation d.f. s.s. m.s. v.r. F pr.
tempday20 6 6520.50 1086.75 24.16 <.001
Residual 49 2204.03 44.98
Total 55 8724.53
***** Tables of means *****
Variate: angular%day20
Grand mean 82.55
tempday20 1 2 3 4 5 6 7
60.75 88.52 90.00 90.00 71.52 88.56 88.50
*** Standard errors of differences of means ***s.e.d. 3.353
*** Least significant differences of means (5% level) ***l.s.d. 6.739
Appendix
250
***** Analysis of variance for Day 54 *****
Variate: angular%day54
Source of variation d.f. s.s. m.s. v.r. F pr.
tempday54 6 63.35 10.56 0.87 0.525
Residual 49 596.12 12.17
Total 55 659.47
***** Tables of means *****
Variate: angular%day54
Grand mean 89.38
tempday54 1 2 3 4 5 6 7
87.07 90.00 90.00 90.00 90.00 88.56 90.00
*** Standard errors of differences of means ***s.e.d. 1.744
*** Least significant differences of means (5% level) ***l.s.d. 3.505
Appendix 5b
Analysis of variance on number of days required to reach 85% germination
Anova: Single Factor
SUMMARY
Groups Count Sum Average Variance
15C 7 153 21.8571429 22.8095238
20C 8 90 11.25 4.78571429
25C 8 43 5.375 0.26785714
30C 8 45 5.625 0.83928571
5_20 8 160 20 2.57142857
12_27 8 68 8.5 1.42857143
18_33 8 33 4.125 3.26785714
ANOVA
Source of
Variation SS df MS F P-value F crit
Between Groups 2382.94513 6 397.157522 83.2534834 1.158E-23 2.29460131
Within Groups 228.982143 48 4.77046131
Total 2611.92727 54
LSD= 2.53543651
average
18_33 4.125 a
25C 5.375 a
30C 5.625 a
12_27 8.5 b
20C 11.25 c
5_20 20 d
15C 21.8571429 d
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rate of germ to G85 (1/time)
18_33 0.24242424
25C 0.18604651
30C 0.17777778
12_27 0.11764706
20C 0.08888889
5_20 0.05
15C 0.04575163
Temperature Rate of Germ to 85% days to 85%
5C 0
10C 0
15C 0.046 15C 21.9
20C 0.089 20C 11.3
25C 0.186 25C 5.4
30C 0.178 30C 5.6
5/20C 0.050 5/20C 20
12/27C 0.118 12/27C 8.5
18/33C 0.242 18/33C 4.1
Appendix 5C
Analysis of Variance on angular transformed germination percentage data from
day 63 of the dark verses light trial.
***** Analysis of variance *****
Variate: ang_germ%
Source of variation d.f. s.s. m.s. v.r. F pr.
treat 1 15743.01 15743.01 335.12 <.001
Residual 10 469.78 46.98
Total 11 16212.79
***** Tables of means *****
Variate: ang_germ%
Grand mean 53.8
treat 1 (light) 2 (dark)
90.0 17.6
*** Standard errors of differences of means ***s.e.d. 3.96
*** Least significant differences of means (5% level) ***l.s.d. 8.82
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Appendix 5D
One way ANOVA for two depths of planting in Neranie sand
Variate: emergence%
Source of variation d.f. s.s. m.s. v.r. F pr.
depth 1 11289.6 11289.6 47.04 <.001
Residual 8 1920.0 240.0
Total 9 13209.6
Tables of means
Variate: emergence%
Grand mean 60.8
depth 1 2
94.4 27.2
Standard errors of differences of means s.e.d. 9.80
Least significant differences of means (5% level)…l.s.d. 22.59
Appendix 5E
One way ANOVA for two depths of planting in West Legges sand
Variate: arcsin%emergof_seed
Source of variation d.f. s.s. m.s. v.r. F pr.
depth_of_seed 1 10205.74 10205.74 132.90 <.001
Residual 8 614.35 76.79
Total 9 10820.09
Tables of means
Variate: arcsin%emergof_seed
Grand mean 31.9
depth_of_seed 1 2
63.9 0.0
Standard errors of differences of means s.e.d. 5.54
Least significant differences of means (5% level) l.s.d. 12.78
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Appendix 6A
Lake level at Bombah Point Gauging Station
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Figure A-0-1 Lake levels recorded at Bombah Point Gauging station between 17 July 2001 and 29 July 2007
Note: data has been provided by Manly Hydraulics and has been simplified to an average daily reading to produce this chart
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Appendix 6B
Field germination trial – a monthly record of events at 6 sites across Myall Lakes
National Park from November 2005 to May 2006.
Site 1. Mungo Brush.
Nov 7-9: plot sown. Some litter removed from site. Litter much heavier towards shoreline
(~6cm) and away from tree. Same amount of litter removed so tree ended up with little litter
cover and shore end had about half original cover (~2-3cm).
Nov 24: Total of 21 seedlings germinated in both sown and unsown halves of squares.
Cotyledons present only so not possible to confirm identity. Possibly Mq. A green creeper is
also growing here has similar cotyledons.
Dec 9-10: Only 2 out of 21 seedlings remain (in sown half, OHS). Still same size. About 3 new
ones present in sown squares
Dec 21: All original seedlings gone. A couple of Casuarina seedlings present at cotyledon
stage. 1 seedling germinated out of fallen capsule.
Jan 14: 27 new seedlings germinated in both sown and unsown halves of squares and
control. (cotyledons only, no ID confirmed). Present in blocks 3 & 4 with less litter. None in
other 2 blocks with heavier litter.
Feb 15: All original seedlings gone. About 52 new seedlings present in sown & unsown.
Areas of 2 blocks with less litter (cotyledons only, no ID).
Mar 21: Scattered seedlings in sown and unsown areas of 2 blocks with less litter.
(cotyledons only, no ID confirmed).
Apr 26: All original seedlings gone.
May 30: No seedlings present.
Site 2. West Legges
Nov.7-9: Plot sown, Nov 24: no seedlings, Dec 9-10: no seedlings, Dec 21: no seedlings
Jan 14: 1 seedling no ID cotyledon only., Feb 15: original seedling gone, no new ones
Mar 21: no seedlings, Apr 26: nothing, May 30: nothing.
Site 3. Korseman’s Landing.
Nov.7-9: Plot sown, Nov 24: no seedlings, Dec 9-10: 2 seedlings cotyledons only, no ID. In
control & sown areas, Dec 21: no new seedlings. 1 remaining of original 2 in control plot.
Jan 14: 16 new seedlings in sown & unsown halves plus 1 original seedling still remaining in
control square. no IDs all cotyledons only., Feb 15: original seedling all gone, no new ones
Mar 21: no seedlings, Apr 26: nothing, May 30: nothing.
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Site 4. Mayer’s Point
Nov.7-9: Plot sown. Already germinated seedlings at cotyledon stage (~75). Ashy soil.
Nov 24: all original seedlings gone. 2 new self sown seedlings (in unsown half). Fallen seed
caps cluster with seed dispersed onto soil surface.
Dec 9-10: original 2 seedlings gone. Seed from caps cluster still present on surface
ungerminated. 1 new seedling in sown square (W.L). 1 Casuarina seedling in control square.
Dec 28: no seedlings. sedge regrowth & litter starting to build up. Dry fresh seed present on
surface & half capsules dropped by parrots.
Jan 14: 266 seedlings germinated. 70 surrounding fallen capsule cluster in unsown half
square. 196 elsewhere in sown 7 unsown areas. 75mm of rain last week according to locals.
(Nelson bay recorded some rain every day)
Feb 15: All original seedlings gone, no new ones. Hot & dry. Little /no rain.
Mar 21: no seedlings
Apr 26: nothing
May 30: nothing.
Site 5. Neranie
Nov.7-9: Plot sown
Nov 24: no seedlings
Dec 9-10: 9 seedlings found in sown & unsown squares & in control. Cotyledon stage, no ID.
Dec 28: all seedlings gone except 1 next to tussock
Jan 14: 1 original seedling remaining. 92 seedlings germinated. Cotyledon stage, no ID.
Feb 15: original seedling gone (or another ID), no new ones
Mar 21: no seedlings
Apr 26: nothing
May 30: nothing.
Site 6. One Horse Sands.
Nov.7-9: Plot sown
Nov 24: no seedlings
Dec 9-10: 12 seedlings in sown & unsown areas. Cotyledon stage, no ID.
Dec 28: couldn’t check, fire risk
Jan 14: original seedlings gone. 5 new seedlings at cotyledon stage
Feb 15: original seedlings gone, no new ones
Mar 21: no seedlings
Apr 26: nothing
May 30: nothing
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Appendix 6C
Analysis for seed desiccation experiment. ANOVA of transformed final
germination percentages for each imbibition treatment
***** Analysis of variance *****
Source of variation d.f. s.s. m.s. v.r. F pr.
treatment 8 400.65 50.08 0.90 0.530
Residual 27 1501.02 55.59
Total 35 1901.67
***** Tables of means *****
Variate: angfinalgerm%
Grand mean 81.4
treatment 1 2 3 4 5 6 7 8 9
84.2 80.1 85.9 77.9 80.1 76.0 79.2 85.9 83.0
*** Standard errors of differences of means *** s.e.d. 5.27
*** Least significant differences of means (5% level) ***l.s.d. 10.82
Appendix 6D
Artificial Seawater formula
Modified from Mclean and Ivimey Cook (1941)
Chemical Amount (g) per litre
water
Sodium chloride (NaCl) 29.42
Potassium chloride (KCl) 0.5
Calcium sulfate dihydrate (CaSO42H20) 1.36
Magnesium sulfate (MgSo4) 6.47
Each chemical was dissolved in water using a heated stirrer.
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Appendix 6E
1. ANOVA for germination of seed on filter paper at different levels of salinity
Variate: germ% for filter paper
Source of variation d.f. s.s. m.s. v.r. F pr.
salinity 7 46899.20 6699.89 313.08 <.001
Residual 32 684.80 21.40
Total 39 47584.00
***** Tables of means *****
Variate: germ%
Grand mean 78.00
salinity 1 2 3 4 5 6 7 8
99.20 97.60 97.60 97.60 97.60 90.40 44.00 0.00
*** Standard errors of differences of means ***s.e.d. 2.926
*** Least significant differences of means (5% level) ***l.s.d. 5.960
2. ANOVA for germination of seed on Neranie sand at different levels of salinity
Variate: anggerm% for sand
Source of variation d.f. s.s. m.s. v.r. F pr.
salinity_level 6 19892.14 3315.36 72.64 <.001
Residual 28 1277.98 45.64
Total 34 21170.12
***** Tables of means *****
Variate: anggerm%
Grand mean 67.1
salinity_level 1 2 3 4 5 6 7
84.4 a 85.4a 82.1a 78.5a 66.9b 59.6b 12.9c
*** Standard errors of differences of means ***s.e.d. 4.27
*** Least significant differences of means (5% level) ***l.s.d. 8.75
3. ANOVA for the survival of 8 week old seedlings in pots
Variate: angular_survival%
Source of variation d.f. s.s. m.s. v.r. F pr.
salinity 6 32746.74 5457.79 142.60 <.001
Residual 28 1071.69 38.27
Total 34 33818.43
***** Tables of means *****
Variate: angular_survival%
Grand mean 55.9
salinity 1 2 3 4 5 6 7
79.4 79.7 78.3 73.8 62.4 17.9 0.0
*** Standard errors of differences of means ***s.e.d. 3.91
*** Least significant differences of means (5% level) ***l.s.d. 8.01
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4. Analysis of variance for germination rate under different levels of salinity
Variate: germrate
Source of variation d.f. s.s. m.s. v.r. F pr.
salinity 6 0.5196866 0.0866144 115.40 <.001
Residual 28 0.0210154 0.0007505
Total 34 0.5407020
***** Tables of means *****
Variate: germrate
Grand mean 0.2209
salinity 1 2 3 4 5 6 7
0.3333 0.3333 0.3333 0.2667 0.1715 0.1083 0.0000
*** Standard errors of differences of means ***s.e.d. 0.01733
*** Least significant differences of means (5% level) ***l.s.d. 0.03549
Appendix 6F
Analysis of variance for final germination percentage of leachate treatments
Variate: sqrtgerm%
Source of variation d.f. s.s. m.s. v.r. F pr.
leachate 2 0.66553 0.33277 8.27 0.009
Residual 9 0.36208 0.04023
Total 11 1.02761
***** Tables of means *****
Variate: sqrtgerm%
Grand mean 9.595
leachate 1 2 3
9.797 9.722 9.264
*** Standard errors of differences of means ***s.e.d. 0.1418
*** Least significant differences of means (5% level) ***l.s.d. 0.3208
Appendix 7
TTC – Triphenyltetrazolium chloride
Seed viability was tested by removing the seed coat with a scalpel and examining the
colour and texture of the embryo. If it was white and firm then it was possibly still
viable and this was confirmed by soaking it in an aqueous solution of 0.5% 2,3,5
Triphenyltetrazolium chloride (TTC) for 24 hours. The vessel in which the seed was
soaking was kept wrapped in aluminium foil to prevent light from degrading the
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solution. On examination after soaking, a red embryo indicated viability. The
reduced form of TTC becomes red, hence a viable, respiring embryo turns red.
The squash test refers to being able to squashing the seed if it is no longer viable. If,
on initial removal of the seedcoat, the embryo was discoloured i.e. yellow-greyish to
brown and also soft and mushy, it was considered no longer viable and was easily
squashed.
(Reference: International Seed Testing Association 1985: Smith 2003)
Appendix 8
Histogram of seedling heights in 1m2 quadrat at Neranie sands 6 April 2006
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Histogram of seedling heights in 1m 2 quadrat at Neranie sands 31 May 2006
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Histogram of seedling heights in 1m2 quadrat at Neranie sands 31 July 2006
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Histogram of seedling heights in 1m2 quadrat at Neranie sands 2 September 2006
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Histogram of seedling heights in 1m2 quadrat at Neranie sands 6 October 2006
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Histogram of seedling heights in 1m2 quadrat at Neranie sands 9 December 2006
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Histogram of seedling heights in 1m2 quadrat at Neranie sands 9 January 2007
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